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Abstract
Objectives  Medial clavicle fractures are rare injuries and historically treated non-operatively. Displaced medial clavicle 
fractures, however, have a higher incidence of delayed- or non-union compared to non- displaced medial clavicle fractures 
and might benefit from operative treatment. We describe below a new technique for treating intra-articular fractures or 
extra-articular fractures with a small medial fragment using special locking plates and present the results of our operatively 
treated patients.
Methods  First we describe our technique for treating very medial fractures with the radial (VA)-LCP™ Distal Humerus 
Plate (DePuy Synthes, Switzerland). Second, a retrospective cohort study was performed. All patients operated on for a 
displaced medial clavicle fracture between 2010 and 2017 were included. Primary outcome was the QuickDASH score and 
the Subjective Shoulder Value (SSV). Secondary outcomes were operative complications including mal- or non-union and 
implant removal.
Results  All 15 patients were available for follow-up. Fourteen patients were included in our analysis. One patient was 
excluded due to severe concomitant injuries. Six patients were treated with the radial (VA)-LCP™ Distal Humerus Plate, 
eight patients with the LCP™ Superior Anterior Clavicle Plate with lateral extension (DePuy Synthes, Switzerland) and 
one with a LCP 3.5 plate. The mean follow-up was 39 months (range 9–79). The mean QuickDASH score was 0.81 (range 
0–4.50, SD ± 1.44) and the mean SSV was 96 (range 80–100, SD ± 6.53). One patient had an early revision operation and 
developed an infection after 1.5 years. No mal- or non-unions occurred. Eight patients had their implants removed.
Conclusions  Operative treatment of displaced medial clavicle fractures with well-fitting ‘small fragment’ locking plates 
provides an excellent long-term functional outcome. Intra-articular fractures or extra-articular fractures with a small medial 
fragment can be treated with the radial (VA)-LCP™ Distal Humerus Plate.
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Introduction

Clavicle fractures account for 2–5% of all fractures in adults 
[1]. Of all clavicle fractures, midshaft clavicle fractures have 
the highest incidence at approximately 70–80% [2, 3]. The 
proportion of medial clavicle fractures ranges from 2.8 to 

9.3% [2–5]. They are often a cause of high-energy trauma 
or as part of a multiple injured patient [3, 4, 6–8].

In literature, non-operative treatment has been advocated 
as the golden standard for medial clavicle fractures for a long 
time [1, 5]. Other studies, however, have shown a consider-
able risk of delayed- and non-union for displaced medial 
clavicle fractures. In literature, up to 14% non-unions for 
displaced medial clavicle fractures compared to 7% for non-
displaced medial clavicle fractures are reported [3]. There-
fore, a shift towards operative treatment for displaced medial 
clavicle fractures has been suggested in recent literature [1, 
4, 9–11].

Several operative techniques have been described: fixa-
tion with inverted LCP™ Superior Anterior Clavicle Plate 
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with lateral extension [10], distal radial plate [10], a small 
T-plate with tension band suturing [12], standard T-locking 
plate [4], a pilon plate crossing the sternoclavicular joint [4], 
cerclage [9] or transosseous sutures [10]. However, most 
studies are case reports and the fixation of comminuted and 
intra-articular displaced medial clavicle fractures remains a 
challenge, as no specific implant is available for these frac-
tures. In our hospital, these fractures are treated with the 
radial (VA)-LCP™ Distal Humerus Plate (DePuy Synthes, 
Switzerland).

The aim of this study is to describe our treatment algo-
rithm, surgical technique and results of the operative treat-
ment of displaced medial clavicle fractures.

Methods

Study design

A retrospective cohort study was performed at a level 
1 trauma centre. All patients who were operated on for a 
medial clavicle fracture between 2010 and 2017 were eligi-
ble for inclusion. Patients under 18 years of age and patients 
with a physeal fracture were excluded from this analysis. 
Follow-up was done during regular outpatient department 
visits and by telephone for assessment of long-term func-
tional outcome. This assessment was done by one of the 
treating trauma surgeons. Informed consent was obtained 
from all individual participants included in the study. This 
study was approved by the Cantonal Ethic Committee Zürich 
(KEK-ZH-Nr. 2017-00192).

Operative indications

Patients who were clinically suspected of having a medial 
clavicle fracture were analysed with plain X-ray and/or CT 
scan (Fig. 1). Indications for operative treatment in our hos-
pital include (1) displacement > 1 shaft width, (2) open frac-
tures, (3) intra-articular displaced fractures and (4) sympto-
matic mal- or non-union (referred patients). Fractures were 
classified using the AO Classification and the Robinson 
Classification [2, 13].

Operative procedure

Two different plate types were preferred for fracture fixation 
depending on the fracture type. If the fracture was extra-
articular and if there was enough bone stock to achieve a sta-
ble fixation medially, we used the inverted LCP™ Superior 
Anterior Clavicle Plate with lateral extension (DePuy Syn-
thes, Switzerland). This fixation method has been described 
before [10, 11]. For intra-articular fractures or fractures, 
where this aforementioned plate would not provide enough 

stability, we used the radial (VA)-LCP™ Distal Humerus 
Plate (DePuy Synthes, Switzerland). The advantage of this 
plate is that it is possible to insert angular stable screws 
in two different planes. With the development of Variable 
Angle (VA) systems, even more fixation directions are 
possible.

Patients were placed in a supine position on a radiolucent 
operation table. An incision was made on the lower edge 
of the medial clavicle and parallel to it. After dissecting 
the subcutis, the fracture was exposed. The periost was pre-
served as much as possible. Direct reduction and temporary 
fixation was done using reduction forceps and small Kirsch-
ner-wires (K-wires). If the LCP™ Superior Anterior Clavi-
cle Plate with lateral extension was used, it was inverted and 
positioned antero-cranially. If definitive fixation was done 
with the radial (VA)-LCP™ Distal Humerus Plate, it was 
positioned with the ‘lateral support’ of the plate at the caudal 
side of the clavicle. The length of the plate should allow the 
insertion of at least three conventional or two angular stable 
screws in the lateral (diaphyseal) part of the clavicle. The 
angular stable screws in the medial (comminuted) fragments 
were inserted bicortically if possible. If necessary, plate-
independent (lag)-screws were additionally inserted (Fig. 2). 
Reduction, plate positioning and screw length were intra-
operatively verified with X-ray in cranio-caudal and caudo-
cranial direction (Figs. 3, 4). After irrigation, the wound was 
closed in layers.

Post‑operative treatment

Patients were treated functionally without weight bearing 
for 6 weeks. They were allowed free functional movement of 
the shoulder with abduction limited to 90° for 6 weeks sup-
ported by physiotherapy. Standard post-operative follow-up 

Fig. 1   Pre-operative CT scan of a very medial and displaced intra-
articular clavicle fracture



209Displaced medial clavicle fractures: operative treatment with locking compression plate…

1 3

including X-rays was done at 6, 12 and 24 weeks in the out-
patient department. If patients had persistent complaints or 
fractures had not healed clinically or radiologically, follow-
up was extended with visits at 1 year. Implant removal was 
not routinely performed. It was carried out on clear indica-
tion, for instance with implant related irritation.

Primary outcome

Primary outcome was the shoulder function measured using 
the QuickDASH score and the Subjective Shoulder Value 
(SSV) [14–17]. The QuickDASH provides a summative 
score on a 100-point scale, with 100 indicating the most 
disability. A QuickDASH score of less than 10 is considered 
an excellent result, a score of > 40 indicates a poor shoulder 

function. The SSV is a single measure score from 0 to 100 
developed by Jost et al. with 100 indicating the best func-
tion [16]. The SSV has shown a reliable agreement with the 
Constant Score [15].

Secondary outcome

Secondary outcome parameters were complications, includ-
ing implant failure, infection (superficial or deep), non-
union, mal-union, revision surgery, refracture after implant 
removal and implant related irritation.

The definition of implant failure was implant loosen-
ing, bending or breakage not bridging the fracture anymore 
resulting in a revision operation. Superficial infection was 
defined as redness, swelling and/or purulent discharge from 
the wound that could be treated with antibiotics. If surgical 
drainage was required, it was considered a deep infection. A 
lack of radiographic evidence of healing combined with clin-
ical evidence of pain and motion at the fracture site 6 months 
after surgery was considered a non-union. Fracture union in 
a shortened, angulated, or displaced position on radiographs 
was considered a mal-union. Interventions needed to treat 
these complications were also noted. Re-interventions per-
formed before routine implant removal was indicated, were 
considered complications of treatment.

Implant removal was analysed using the algorithm Huls-
mans et al. developed to investigate the presence of implant 
related irritation [18].

Statistical analysis

Data were presented as mean ± standard deviation (SD) for 
continuous variables or as absolute numbers (percentage) 

Fig. 2   Intra-operative image of radial LCP™ Distal Humerus Plate

Fig. 3   Intra-operative X-ray caudo-cranial

Fig. 4   Intra-operative X-ray cranio-caudal
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for categorical variables. The analyses were performed with 
SPSS, version 22.0 (IBM Corp., Armonk, NY) for Windows.

Results

Between 2010 and 2017, 15 patients were treated with an 
open reduction and internal fixation (ORIF) for a medial 
clavicle fracture. Baseline characteristics are presented in 
Table 1. Fourteen patients were operated for a primary dis-
placed medial clavicle fracture. Eleven fractures were extra-
articular and three intra-articular fractures. One patient with 
a Robinson 1A1 fracture was referred to our hospital with 
a non-union 8 months after his accident. He was initially 
operated in another hospital with a bridging sternoclavicular 
plate. After 1 month, the plate was removed due to an infec-
tion. The soft tissues recovered uneventfully but a sympto-
matic non-union developed. One patient was treated with a 
standard 3.5 LCP™ Plate, 8 patients with an inverted LCP™ 
Superior Anterior Clavicle Plate with lateral extension and 
6 patients with a radial (VA)-LCP™ Distal Humerus Plate. 
The mean age at time of injury was 52 years (range 19–79). 
All patients were male. Twelve patients suffered a single 
injury, and three patients were polytrauma patients. The 
most common mechanism of injury was (winter) sports 
related (10/15) with traffic accident as the second most com-
mon mechanism (3/15).

All patients were available for follow-up. The mean fol-
low-up was 39 months (range 9–79). Twelve patients had at 
least one follow-up visit in our hospital resulting in a mean 
radiological follow-up of 35 weeks (range 5–105). The mean 
QuickDASH score was 0.81 (range 0–4.50, SD ± 1.44) and 
the mean SSV was 96 (range 80–100, SD ± 6.53), both indi-
cating a very good functional outcome. These results are 
presented in Table 2.

One 75-year-old patient suffered a polytrauma with an 
Injury Severity Score of 29. He was discharged to a reha-
bilitation clinic with an incomplete tetraplegia. He had a 
Robinson 1B1 medial clavicle fracture treated with a radial 
(VA)-LCP™ Distal Humerus Plate. Currently, 3.5-year post-
injury, he is in a nursing home. He has no complaints of 
his left clavicle. The plate is not causing any irritation. His 
overall condition with a lack of strength, however, results 
in a QuickDASH of 65 and a SSV of 40. As this is clearly 
the result of his concomitant injuries and not of his medial 
clavicle fracture, this patient is not included in our functional 
analysis.

We did not register any non- or mal-union. We had one 
patient with an implant failure. This patient with an AO 
15-A3.3 and Robinson 1B2 fracture (Fig. 5) was treated with 
a radial (VA)-LCP™ Distal Humerus Plate. After 2 days, 
there was a cut-out of the medial screws, clearly caused 
by a non-optimal initial plate position (too medially) with 

insufficient primary stability (Fig. 6). He underwent revision 
surgery with another radial (VA)-LCP™ Distal Humerus 
Plate in a better position (Fig. 7). The fracture consolidated. 
Unfortunately after 1.5 years, a skin perforation with sub-
sequent infection occurred due to a broken and displaced 
screw. The plate was removed and the infection was treated 
with antibiotics in his regional hospital. In the end he had a 

Table 1   Baseline characteristics

Patients (n = 15)

Age (years), mean (range) 52 (19–79)
Sex
 Male 15
 Female 0

Side
 Right 7
 Left 8

Polytrauma (ISS > 16)
 Yes 3
 No 12

Trauma mechanism
 Traffic 3
 Sports 10
  Ski 4
  Snowboard 1
  Cross-country skiing 1
  Bike 4

 Fall from stairs 1
 Other 1

Pre-operative imaging
 X-ray 10
 CT 10
 Both 5

Classification
 AO
  15.1-A 12
  15.1-B 0
  15.1-C 3

 Robinson
  1A1 1
  1A2 0
  1B1 11
  1B2 3

Follow-up (months), mean (range) 39 (9–79)
Size of medial fragment (mm), mean (range) 17.8 (0–45)
Implant
 LCP™ 3.5 plate 1
 LCP™ Superior Anterior Clavicle Plate with 

lateral extension (2.7/3.5)
8

 Radial (VA)-LCP™ Distal Humerus Plate 
(2.7/3.5)

6
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good recovery resulting in a QuickDASH of 2.3 and a SSV 
of 100. Two other patients had one or more broken angular 
stable 2.7 mm screws discovered at 7 weeks and 11 month 
follow-up without any clinical consequences.

Eight patients (8/14) experienced implant related irrita-
tion. In 7 patients, this resulted in implant removal. One 
patient is still considering implant removal. In total, eight 
patients had their implant removed after a mean of 16 
months (range 8–44, SD ± 11.8).

Discussion

Successful operative treatment of displaced medial clavi-
cle fractures provides excellent long-term functional 
results. Locking plates are generally ideal implants to 
stabilise juxta-articular fractures in any location. Both 
ends of the clavicle, a small bone with small diameter, are 

Table 2   Results n = 14

QuickDASH, mean (range, ±SD) 0.81 (0–4.50, ± 1.44)
SSV, mean (range, ±SD) 96 (80–100, ± 6.53)
Implant irritation
 Implant not removed, no irritation 5 (36%)
 Implant not removed, irritation but implant removal not necessary 0
 Implant not removed, irritation, no request for removal due to fear of surgery 0
 Implant not removed, irritation, considering removal 1 (7%)
 Implant removed routinely or on patients request without irritation 2 (14%)
 Implant removed due to implant irritation 7 (50%)

Complications
 Non-union 0
 Mal-union 0
 Implant failure 1 (7%)
 Superficial infection 0
 Deep infection 1 (7%)
 Revision surgery 1 (7%)
 Refracture after implant removal 0

Fig. 5   Pre-operative CT of intra-articular displaced medial clavicle 
fracture of patient with implant failure and early revision

Fig. 6   Post-operative CT with implant failure. Plate positioning was too medially with screws being intra-articular
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predisposed for small, pre-contoured locking plates. For 
the more common lateral fractures, such plates exist and 
are extremely helpful to achieve a stable fixation. As the 
medial end of the clavicle has a rather similar surface and 
angulation as the lateral one, the inverted LCP™ Superior 
Anterior Clavicle Plate with lateral extension is an almost 
ideal implant for fracture fixation, if the medial bone stock 
is long enough (> 2 cm). For intra-articular fractures or 
extra-articular fractures with a small medial fragment, the 
aforementioned implant is not suitable. We found, that for 
these rare and very special situations, the radial (VA)-
LCP™ Distal Humerus Plate can be successfully used for 
stable fixation. Due to its design for the distal humerus 
with extra ‘lateral support’, it is possible to position this 
‘lateral support’ as ‘caudal support’ for medial clavicle 
fractures. This gives the surgeon the possibility to insert 
the medial locking screws at an almost perpendicular angle 
to each other resulting in a more stable fixation. The ‘Vari-
able Angle’ version of the plate facilitates an even greater 
range of screw positioning. Sidhu et  al. suggested the 
development of an anatomical medial clavicle plate, but to 
our knowledge, no such plate has been designed yet [10].

The natural course of medial clavicle fractures has been 
described in three studies. Non-union rates of 6.7% for non-
displaced and 14.3% for displaced medial clavicle fractures 
have been reported [3]. Salipas et al. found a delayed-union 
rate of 10% for medial clavicle fractures in general. When 
distinguishing between displaced and non-displaced medial 
clavicle fractures, the delayed-union rate was 20% for dis-
placed medial clavicle fractures [7]. The overall functional 
outcome of non-operative treatment for displaced and non-
displaced fractures was good with a reported SSV of 77. 
Unfortunately no differentiation between displaced and 
non-displaced fractures was made. Throckmorton et  al. 
reported moderate to severe pain in up to 28% of the patients 
after non-operative treatment [5]. Taking these results into 
account, operative treatment of displaced medial clavicle 
fractures should be considered and discussed with any 
patient who has this injury.

The following treatment algorithm for medial clavicle 
fractures is determined by our hospital: non-operative treat-
ment for non-displaced fractures with bony contact of the 
fragments. Our indications for operative treatment are (1) 
displacement > 1 shaft width, (2) open fractures, (3) dis-
placed intra-articular fractures and (4) symptomatic mal- or 
non-union. In literature, displacement of > 10 mm is consid-
ered severe [2, 5, 7]. As the shaft medially is at least 10 mm 
thick, displacement of more than one shaft width, as used in 
our hospital, should be considered severe. A pre-operative 
CT scan provides a good understanding of the fracture that 
can be important for the implant choice in case of operative 
treatment.

Only two other studies describe a larger series of results 
of surgical treatment of displaced medial clavicle fractures. 
Sidhu et al. published results of 20 patients with different 
implants including the inverted LCP™ Superior Anterior 
Clavicle Plate (15 cases). They found a DASH score after 
12 months of 0.9 that represents an excellent result [10]. Oe 
et al. presented results of 10 patients operated on with dif-
ferent implants like Pilon locking plate, T-oblique locking 
plate, reconstruction locking plate, Stryker BOS plate and 
DCP plate. Four patients showed an excellent DASH score 
(0–0.9), three a good DASH score (10–16) and 1 patient a 
very poor DASH score (67). This last patient had a compli-
cated course and ended up with a medial clavicle resection. 
Two patients were not analysed due to tetraplegia/paraplegia 
[4].

Implants were not routinely removed in our cohort. 
Implant related irritation, analysed with the algorithm of 
Hulsmans et al. [18], showed that after a mean of 16 month 
eight patients had their plate removed, 6 due to irritation, 
and 2 on request. The combination of the lack of soft tissue 
at the medial side of the clavicle and the bulky implants 
might result in irritation. Oe at al. recommend plate removal 
no earlier than 18 months after surgery because of the lack 
of weight bearing that might result in a prolonged healing 
process [4]. We only recommend implant removal in case of 
implant related irritation or on patients’ request.

Fig. 7   Follow-up X-ray 6 week post-operative
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Several limitations need to be addressed. First, the retro-
spective character of this study has its obvious drawbacks. 
Second, our cohort with 15 patients is relatively small 
although the largest other published studies describe 10 and 
20 patients, respectively [4, 10]. Third, most patients were 
not available for long-term clinical follow-up. However, our 
protocol to obtain information and questionnaires by tel-
ephone resulted in a 100% follow-up rate; even from patients 
living further away or with a foreign residency. This is an 
obvious positive aspect of this study. Another strength of this 
study is the generalizability of our results as the 15 patients 
were operated on by 6 different surgeons.

Conclusions

Operative treatment of displaced medial clavicle fractures 
provides an excellent long-term functional outcome. Frac-
tures with substantial medial bone stock can successfully be 
treated with the inverted LCP™ Superior Anterior Clavi-
cle Plate with lateral extension. Intra-articular fractures or 
extra-articular fractures with a small medial fragment can be 
treated with the radial (VA)-LCP™ Distal Humerus Plate.
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