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Abstract
Background Lateral clavicle fractures account for 17% of all clavicle fractures and large studies comparing nonoperative 
and operative treatment are lacking. Therefore, patients cannot be properly informed about different treatment options and 
prognosis. We assessed long-term patient-reported and clinical outcomes in patients with lateral clavicle fractures.
Methods A multicenter cross-sectional study was performed in patients treated for lateral clavicle fractures between 2007 
and 2016. Primary outcome included patient-reported outcome measures (PROMs) (DASH, EQ-5D, return to work, sports, 
cosmetics and satisfaction). Questionnaires were sent to 619 eligible patients, of which 353 (57%) responded after a mean 
follow-up of 7.4 ± 2.8 years. Secondary outcome included adverse events and secondary interventions. Outcomes after 
nonoperative vs. operative treatment (stratified by nondisplaced vs. displaced fractures) were compared using Student t tests 
and linear regression analysis.
Results Nondisplaced lateral clavicle fractures were treated nonoperatively and resulted in excellent PROMs. Six patients 
(3%) developed a nonunion. For displaced lateral clavicle fractures, no differences were found between nonoperative and 
operative treatment with regard to DASH score (7.8 ± 12.5 vs 5.4 ± 8.6), EQ-5D (0.91 ± 0.13 vs 0.91 ± 0.09), pain (0.9 ± 1.7 
vs. 0.8 ± 1.6), patient satisfaction (90.1 ± 25.5 vs. 86.3 ± 20.4), return to work (96.4% vs. 100%) and sports (61.4% vs. 62.3%). 
The absolute risk of nonunion in patients with a displaced fracture was higher after nonoperative than operative treatment 
(20.2% vs. 2.9%; p = 0.002), with six patients needing treatment to avoid one nonunion.
Conclusions Nondisplaced lateral clavicle fractures should be treated nonoperatively and result in good functional outcomes 
and high union rates. For displaced fractures, neither nonoperative nor operative treatment seems superior. Patients opting for 
nonoperative treatment should be informed that nonunion occurs in 20% of patients, but only half of these need additional 
operative treatment. Patients who opt for surgery should be told that nonunion occurs in only 3%; however, most patients 
(56%) will require secondary intervention for elective implant removal. Regardless of the type of treatment, no differences 
in functional outcome and PROMs should be expected at long-term follow-up.
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Introduction

Background

Occurring predominantly in both young male and elderly 
patients, the annual incidence of clavicle fractures is esti-
mated between 29 and 64 per 100.000 [1–3]. The majority 
of fractures is situated in the middle third (81%), followed 
by the lateral (17%) and medial third (2%) of the clavi-
cle [2, 4]. Lateral clavicle fractures can be treated either 
operatively or nonoperatively. The choice of treatment 
depends on multiple factors including fracture displace-
ment and involvement of the coracoclavicular ligaments 
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[5]. Most non- or minimally displaced fractures can safely 
be treated with appropriate pain management, a sling and 
physical therapy [6, 7]. In contrast, displaced fractures 
can be unstable and may benefit from operative treatment. 
A variety of surgical techniques have been proposed each 
with its pros and cons, including multiple fracture fixa-
tion devices (i.e., hook plate, lateral clavicular plate, ten-
sion band wiring and transacromial pinning with Kirsch-
ner wires) and coracoclavicular fixation techniques (i.e., 
tight rope or endobutton and screw) [8].

Rationale

There is no consensus about the optimal treatment strat-
egy of lateral-third clavicle fractures. Decisions to treat 
lateral clavicle fractures operatively or nonoperatively 
and which operative technique to use are still unclear. 
Most literature on clavicle fractures is focused on mid-
shaft fractures. A recent systematic review reported on 22 
RCTs of midshaft clavicle fractures and found 88% union 
rate after nonoperative vs. 97% after operative treatment 
with no substantial difference in functional outcome at 
1-year follow-up [9]. However, results of midshaft frac-
tures are not automatically generalizable to lateral-third 
fractures, because involvement of the coracoclavicular 
ligaments and the close relationship with the AC-joint. 
No large studies have been performed to compare non-
operative, operative and specific surgical treatments for 
lateral clavicle fractures. High-quality studies with long-
term follow-up are lacking, rendering it difficult to guide 
patients in making an informed treatment decision [10, 
11].

Research questions

We therefore asked, in patients with nondisplaced vs. dis-
placed lateral clavicle fractures (1) what are the long-term 
patient-reported outcomes in terms of physical function-
ing, health-related quality of life, pain, return to work, 
sports, cosmetics and overall satisfaction? (2) What is the 
clinical outcome in terms of adverse events and secondary 
interventions?

Patients/Methods

Study design

After obtaining a waiver from the local Medical Ethical 
Review Boards (METc 2018.00809 and 2018.180809) 
a cross-sectional study was performed. All consecutive 
patients who received either nonoperative or operative treat-
ment for a lateral clavicle fracture at two level one trauma 
centers between 2007 and 2016 were eligible for inclusion.

Study population

Lateral clavicle fractures were defined as fractures of the 
lateral third of the clavicle (type 3A and 3B according to 
the Robinson classification; Fig. 1) [3]. A displaced fracture 
was defined as a fracture with more than one shaft width dis-
placement. Nondisplaced or minimally displaced fractures 
were treated nonoperatively. Fracture displacement (e.g., 
defined as a fracture with more than one shaft width dis-
placement) was an indication for recommending operative 

Fig. 1  Robinson classification



291What are the long‑term patient‑reported and clinical outcomes after lateral clavicle fractures?…

1 3

treatment. Some patients with a displaced fracture might not 
have had surgery due to shared decision-making. In case of 
operative treatment, the choice for the type of operative tech-
nique was according to the preference and expertise of the 
treating surgeon. Included were all patients aged > 15 years 
who sustained a lateral clavicle fracture.

Treatment and outcome

Hospital records were reviewed to acquire patient charac-
teristics and information concerning the course of treatment 
and complications. All radiographs were reassessed to deter-
mine fracture classification, displacement and union rate. 
Nonoperative treatment consisted of immobilization, using 
a sling, followed by mobilization exercises combined with 
appropriate analgesic management. Surgical reports were 
reviewed to determine the type of implant used for fixation. 
For all patients, the national population registry was con-
tacted to verify their current address and to be sure they 
were not deceased. Patients were approached by posted mail 
and asked to complete and return a set of validated patient-
reported outcome measures.

The primary outcome measure for this study was patient-
reported outcome in terms of (1) physical functioning, (2) 
health-related quality of life (QoL), (3) pain, return to (4) 
work, (5) sports, (6) cosmetic and (7) overall satisfaction. 
The ‘Disability of the Arm, Shoulder and Hand’ (DASH) 
questionnaire was used to measure physical functioning, 
with scores ranging from 0 (no disability) to 100 (most 
severe disability) [12–15]. QoL was assessed using the 
‘EQ-5D-5L’ (EuroQol Group, Rotterdam, The Netherlands) 
questionnaire, which consists of five questions, and a visual 
analogue scale (VAS) assessing the patient’s self-reported 
health [16]. Patients were asked to rate their cosmetic 
and overall satisfaction with the treatment using a visual 
analogue scale (VAS) from 0 (not satisfied at all) to 100 
(completely satisfied). Pain was assessed using a numeric 
rating scale (NRS) ranging from 0 (no pain) to 10 (worst 
pain imaginable) and two additional questions concerning 
the use of pain medication. Return to work and sport were 
assessed by two additional questions. Secondary outcomes 
in this study were clinical outcomes in terms of (8) adverse 
events (i.e., complications) and (9) secondary operations. 
Information concerning secondary outcomes was acquired 
from patient files and two additional questions in the follow-
up questionnaires.

Statistical methods

Descriptive statistics were used to analyze patient charac-
teristics. Results were presented using mean and standard 
deviation (SD). For the primary and secondary outcome, a 
Student t test was used to compare the means of parametric 

independent variables. Linear regression was used to ana-
lyze the relationship between the (operative vs. nonopera-
tive) treatment of displaced lateral clavicle fractures and 
the DASH score. First, a crude model was computed. A 
second model was constructed to adjust for potential con-
founders, including gender, age at the time of injury, trauma 
mechanism, dominant arm injured, complications, work and 
sport. Patients with missing data were excluded from further 
analysis. Outcomes are presented as mean, followed by the 
SD and 95% confidence interval (CI) in parentheses. All 
executed tests were two-sided, results with P < 0.05 were 
considered statistically significant.

All eligible patients with lateral clavicle fractures 
between 2007 and 2017 were eligible for inclusion in order 
to acquire a true representation of the general patient popula-
tion and a sufficient follow-up time of at least 3 years. Post 
hoc power analysis revealed that with α = 0.05%, a sample 
size of 136 patients, 68 in each group, was required to pro-
vide 90% power to detect a difference of 10 points for DASH 
score, with a standard deviation of 18. A difference of 10 
points in DASH is considered the minimal clinically impor-
tant difference (MCID) [17, 18]. Statistical analyses were 
performed using SPSS software, version 23 (IBM Corp ©, 
Armonk, New York, USA).

Results

Participants

Between 2007 and 2016, a total of 845 patients were treated 
for lateral clavicle fracture, of which 619 were eligible for 
follow-up analyses with patient-reported outcome measures 
(also see Fig. 2). Questionnaires concerning clinical out-
comes were sent by posted mail to 619 patients, of whom 
353 (response rate 57%) responded with a mean follow-up of 
7.4 (SD 2.9) years after the initial injury. Nineteen patients 
refused participation, three patients returned incomplete 
questionnaires and were therefore excluded from further 
analyses. Baseline characteristics of the included patients 
are shown in Table 1. A nonresponse analysis was performed 
which showed a difference at the time of injury in mean age 
between responders (45.9 ± 15.7 years) and nonresponders 
(38.1 ± 15.5; P < 0.001) and sex (responders 66.9% male vs. 
nonresponders 76.3% male; p = 0.013) (Table 4, supplemen-
tary file). There were no differences in fracture type, kind of 
treatment and duration of follow-up. 

Initial treatment

All nondisplaced or minimally displaced fractures were 
treated nonoperatively. Regarding displaced fractures, 68 
out of the 152 (44.7%) fractures were treated operatively 
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(Table 1). Surgery was performed after a median of 9 days 
(interquartile range 6–13 days) after injury. The most fre-
quently used surgical technique was plate osteosynthesis 
using either a superior plate (52.9%) or hook plate (29.4%). 
Other techniques included tension band wiring (11.8%) and 
a superior plate with coracoclavicular (CC) augmentation 
using a tight rope (4.4%).

Patient‑Reported outcomes

There was no difference in functional outcome between 
nonoperative and operative treatment for lateral clavicle 
fractures after a mean follow-up of 7.3 ± 3.0 years (DASH 
7.6 ± 13.9 vs. 5.4 ± 8.6; p = 0.115). Subgroup analysis of 
displaced fractures revealed no difference in functional 
outcome between nonoperatively treated and operatively 
treated fractures (DASH 7.8 ± 12.5 vs. 5.4 ± 8.6, respec-
tively; p = 0.175). When the analysis was adjusted for poten-
tial confounding factors, a mean difference of 4.0 (95% CI 
0.5–7.4; p = 0.025) in DASH score was found in favor of 
operatively treated group.

All patients reported a good Quality of life (QoL), rep-
resented by high scores on the EQ-5D-5L questionnaire 
regardless of treatment type (Table 2). There was no differ-
ence in QoL between nonoperative and operative treatment 
(0.92 ± 0.14 vs. 0.92 ± 0.09; p = 0.774). Subgroup analysis 
of patients with a displaced fracture, revealed no differ-
ence in QoL between nonoperative and operative treatment 
(0.91 ± 0.13 vs. 0.92 ± 0.09, respectively; p = 0.505).

Low levels of pain both at rest (0.7 ± 1.6 vs. 0.8 ± 1.6; 
p = 0.796) and with movement (1.0 ± 2.1 vs. 0.9 ± 1.7; 
p = 0.817) were found in the nonoperative as well as in the 
operative group. Hence, very few patients reported use of 
painkillers on a daily basis (4.2% vs. 1.5%; p = 0.482). Sub-
group analyses of displaced fractures showed no differences 
in either pain at rest (0.9 ± 1.7 vs. 0.8 ± 1.6; p = 0.771) or 
with movement (1.1 ± 2.3 vs. 0.9 ± 1.7; p = 0.551) and use of 
painkillers (3.6% vs. 1.5%; p = 0.768) between nonoperative 
and operative treatment.

There were no differences in both overall satisfaction 
with treatment (85.1 ± 21.6 vs. 86.3 ± 20.4; p = 0.687) 
and satisfaction with the cosmetic result (84.5 ± 24.4 vs. 
79.6 ± 21.8; p = 0.136) between nonoperative treatment 

Fig. 2  Flowchart of the included 
patients

773 patients 

4.596 excluded 
• Medial- or midshaft clavicle fracture (n=4.596) 

All clavicle fractures, 
assessed for eligibility 

(n=5.441) 

55 excluded 
• Too young (<16 years) (n=34) 
• No radiograph available (n=21) 

17 excluded 
• Ineligible for participation (e.g. insufficient 

knowledge of Dutch language, dementia or 
mentally incapacitated) (n=10) 

• Pre-existent impaired upper extremity function 
(e.g. due to hemiparesis or a cerebrovascular 
accident) (n=4)

• Pathological fracture (n=3) 

845 patients with lateral 
clavicle fractures (15,5%) 

790 patients 

154 excluded 
• Deceased (n=64) 
• Unknown address (n=90) 

Eligible for follow-up 
(n=619) 
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and operative treatment (Table 2). Furthermore, subgroup 
analyses revealed no differences in overall (80.1 ± 25.5 vs. 
86.3 ± 20.4; p = 0.098) and cosmetic satisfaction (75.4 ± 27.3 
vs. 79.6 ± 21.8; p = 0.304) in patients who received nonop-
erative or operative treatment for a displaced lateral clavicle 
fracture.

Patients who received operative treatment were pre-
injury more commonly employed compared to nonopera-
tively treated patients (84% vs. 64%; p = 0.002). After the 
injury and subsequent treatment, both the nonoperative 
and operative group reported excellent return to work rates 
(97% vs. 100%; p = 0.425). Subgroup analysis of patients 
with a displaced fracture revealed no differences in return 
to work between nonoperatively and operatively treated 
patients (96% vs.100%; p = 0.460). There were no substan-
tial differences in engagement in sport pre-injury between 
patients who received nonoperative or operative treatment 
(90% vs. 81%; p = 0.129). Post-injury, both the nonopera-
tive and operatively treated patients reported comparable 

return to sport rates (partial return to sport 21% vs. 16.7%; 
p = 0.573 and full return to sport 69.6% vs. 63.3%; p = 0.442, 
respectively). Subgroup analysis of the nonoperatively dis-
placed group compared with the operatively displaced group 
showed no differences in return to sport (partial return to 
sport 27.9% vs 16.7; p = 0.191 and full return to sport 63.2% 
vs. 63.3%; p = 1.000, respectively).

Clinical outcome

Perioperative complications included one (1.5%) fracture-
related infection [19] and two (2.9%) implant failures, for 
which early implant removal was performed (Table 3). 
One patient who developed a fracture-related infection 
was treated with surgical debridement, implant revision 
and subsequent antibiotics. In general, union was achieved 
in 97.1% of the operatively treated patients and 91.3% of 
the nonoperatively treated patients (p = 0.039). Subgroup 
analyses of displaced fractures showed a higher nonunion 

Table 1  Baseline characteristics of included patients with a lateral clavicle fracture (N = 331)

Data are expressed in N with percentages in parentheses unless otherwise specified
*p < 0.05 was considered to be significant
† Data not available for 2 patients (one in each group)

Nondisplaced 
(N = 179)

Displaced (N = 152) All patients (N = 331) p value

Sex
 Male 111 (62.0) 114 (75.0) 225 (68.0) 0.016*
 Female 68 (38.0) 38 (25.0) 106 (32.0) 0.016*

Age at time of injury mean (SD) 46.0 (16.7) 45.7 (14.3) 45.9 (15.6) 0.836
Trauma  mechanism†

 Traffic 104 (58.4) 101(66.9) 205 (62.3) 0.143
 Sports 25 (14.0) 25 (16.6) 50 (15.2) 0.633
 Fall 38(21.3) 18 (11.9) 56 (17.0) 0.034*
 Fall from height 4 (2.2) 4 (2.6) 8 (2.4) 1.000
 Other 7 (3.9) 3 (2.0) 10 (3.0) 0.483

Dominant arm 75 (41.9) 69 (45.4) 144 (43.5) 0.598
Robinson classification
 3A1 153 (85.5) 0 (0) 153 (46.2)  < 0.001*
 3A2 26 (14.5) 0 (0) 26 (7.9)  < 0.001*
 3B1 0 (0) 134 (88.2) 134 (40.5)  < 0.001*
 3B2 0 (0) 18 (11.8) 18 (5.4)  < 0.001*

Initial treatment
 Nonoperative 179 (100) 84 (55.3) 263 (79.5)  < 0.001*
 Operative 0 (0) 68 (44.7) 68 (20.5)  < 0.001*
  Hook plate 0 (0) 20 (29.4) 20 (6.0) NA

 Superior plate 0 (0) 36 (52.9) 36 (10.9) NA
  Tension band wiring 0 (0) 9 (13.2) 9 (2.7) NA

 CC augmentation + superior plate 0 (0) 3 (4.4) 3 (0.9) NA
 Hospital admission in days mean (SD) 0.4 (1.7) 1.2 (2.3) 0.8 (2.1)  < 0.001*

Follow-up in years mean (SD) 7.5 (2.9) 7.2 (3.0) 7.3 (3.0) 0.323
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rate after nonoperative treatment than after operative treat-
ment (20.2% vs. 2.9%; p = 0.002), the number needed to 
treat to avoid one nonunion was 5.84. Almost half (47.1%) 
of the initially nonoperatively treated patients who devel-
oped a nonunion underwent a secondary operation for non-
union treatment with plate fixation. On the other hand, 

more than half of patients (54.4%) after primary operative 
treatment underwent a secondary operation for elective 
implant removal (16 out of 20 (80%) of hook plates, 13 
out of 36 (33%) of superior plates and 8 out of 8 (100%) 
of tension band wiring).

Table 2  Patient-reported outcomes after treatment for lateral clavicle fractures (N = 331)

Data are expressed in mean with SD in parentheses unless otherwise specified
*P < 0.05 was considered to be significant

Nonoperative 
nondisplaced 
(N = 179)

Nonopera-
tive displaced 
(N = 84)

Operative 
displaced 
(N = 68)

Total 
population 
(N = 331)

Nonoperative 
vs. operative (p 
value)

Nonoperative displaced 
vs. operative displaced (p 
value)

DASH 7.5 (14.6) 7.8 (12.5) 5.4 (8.6) 7.2 (13.0) 0.115 0.175
EQ-5D-5L 0.92 (0.14) 0.91 (0.13) 0.92 (0.09) 0.92 (0.13) 0.774 0.505
Pain
 In rest 0.6 (1.6) 0.9 (1.7) 0.8 (1.6) 0.7 (0.1) 0.796 0.771
 With movement 0.9 (2.0) 1.1 (2.3) 0.9 (1.7) 1.0 (2.0) 0.817 0.551
 Use of painkillers (%) 8 (4.5) 3 (3.6) 1 (1.5) 12 (3.6) 0.482 0.768

Overall satisfaction 87.5 (19.1) 80.1 (25.5) 86.3 (20.4) 85.4 (21.3) 0.687 0.098
Cosmetic satisfaction 88.7 (21.7) 75.4 (27.3) 79.6 (21.8) 83.5 (23.9) 0.136 0.304
Work (%)
 Unemployed/retired 

pre-injury
66 (36.9) 29 (34.5) 11 (16.2) 106 (32.0) 0.002* 0.018*

 Employed pre-injury 113 (63.1) 55 (65.5) 57 (83.8) 225 (68.0) 0.002* 0.018*
 Return to work 110 (97.3) 53 (96.4) 57 (100) 220 (97.8) 0.425 0.460

Sport (%)
 No sport pre-injury 33 (18.4) 16 (19.0) 8 (11.8) 57 (17.2) 0.247 0.317
 Sporting actively pre-

injury
146 (81.6) 68 (81.0) 60 (88.2) 274 (82.8) 0.247 0.317

 Partial return to sport 26 (17.8) 19 (27.9) 10 (16.7) 55 (20.1) 0.573 0.191
 Full return to sport 106 (72.6) 43 (63.2) 38 (63.3) 187 (68.2) 0.442 1.000

Table 3  Clinical outcomes in patients treated for a lateral clavicle fracture (N = 331)

Data are expressed in N with percentages in parentheses unless otherwise specified
*p < 0.05 was considered to be significant

Nonoperative non-
displaced (N = 179)

Nonopera-
tive displaced 
(N = 84)

Operative dis-
placed (N = 68)

Total popula-
tion (N = 331)

Nonoperative 
vs. operative

Nonoperative displaced 
vs. operative displaced

Adverse events (%)
 Fracture-related infection 0 (0) 0 (0) 1 (1.5) 1 (0.3) NA NA
 Implant failure 0 (0) 0 (0) 2 (2.9) 2 (0.6) NA NA
 Nonunion 6 (3.4) 17 (20.2) 2 (2.9) 25 (7.6) 0.039*  < 0.001*

Secondary operations (%)
 Infection treatment 0 (0) 0 (0) 1 (1.5) 1 (0.3) NA NA
 Nonunion treatment 6 (3.4) 17 (20.2) 2 (2.9) 25 (7.6) 0.039*  < 0.001*
  Conservative 1 (16.7) 9 (52.9)) 2 (100) 10 (3.0) NA NA
  Resection 2 (33.3) 0 (0) 0 (0) 2 (0.6) NA NA
  Plate fixation 3 (50) 8 (47.1) 0 (0) 11 (3.3) NA NA

 Elective implant removal 0 (0) 0 (0) 37 (54.4) 35 (10.6) NA NA
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Discussion

Background and rationale

Current literature mainly focuses on clavicle shaft frac-
tures, and large series concerning patient-reported and 
clinical outcomes for patients with lateral clavicle frac-
tures are lacking [9]. We performed a cross-sectional study 
representing the largest cohort of patients with lateral 
clavicle fractures to date. This study demonstrates that 
nondisplaced lateral clavicle fractures can with confidence 
be treated nonoperatively resulting in excellent patient out-
comes with high union rates (97%) at long-term follow-up. 
Displaced lateral clavicle fractures can either be treated 
nonoperatively or operatively. Operative treatment yields 
higher union rates compared to nonoperative treatment 
(97% vs. 80%), with approximately 6 patients who need 
to be operated to avoid one nonunion. However, half of 
patients with a nonunion was asymptomatic and did not 
require additional surgical treatment. On the other hand, 
approximately 50% of patients after primary operative 
treatment required a second operation for elective implant 
removal. There were no differences in functional outcome, 
quality of life, patient satisfaction, return to work and sport 
between nonoperative and operative treatment of displaced 
lateral clavicle fractures at long-term follow-up.

Patient‑reported outcomes

When comparing nonoperative and operative treatment for 
lateral clavicle fractures, no differences in patient-reported 
functional outcome and quality of life were found at a 
mean follow-up of 7.3 ± 2.9 years. Adjusting for poten-
tial confounding factors using linear regression, we found 
a significant difference in DASH scores of 4.0 (95% CI 
0.5–7.4; p = 0.025) between nonoperatively and opera-
tively treated patients with displaced factures. This finding 
did not meet the level of a minimal clinically important 
difference and was therefore deemed clinically irrelevant 
[17, 18, 20]. Furthermore, there were no differences in 
pain, return to work, sport and patient satisfaction. Hall 
et al. performed the only available randomized controlled 
trial comparing nonoperative and operative treatment in 
57 patients with acute displaced lateral clavicle fracture 
[21]. They found no differences in functional outcome at 
any point in time up to one year after the initial treat-
ment. In addition, they found no differences between the 
two groups regarding return to work or other activities. 
However, the sample size of this study was limited and 
the a priori calculated simple size was not reached. This 
makes it difficult to draw definitive conclusions, and the 

authors advocate further research in order to determine 
which treatment provides the most desirable results. A 
recent retrospective study by Kihlström et al. reporting on 
122 patients with lateral clavicle fractures found no dif-
ferences in patient-reported outcome between operatively 
and nonoperatively treated patients after a median follow-
up of 3.1 (IQR 2.3–4.2) years, which seems in line with 
our results. However, our study adds to these findings, 
because in their study only 30 out of 122 (25%) patients 
were available for follow-up analysis compared to 353 out 
of 619 (response rate 57%) patients with mean follow-up 
of 7.4 (SD 2.9) years in our study [22].

Different operative techniques have been described for 
the stabilization of displaced lateral clavicle fractures, 
each with their pros and cons [23–29]. A recent systematic 
review, comparing different operative treatment strategies in 
patients with displaced lateral clavicle fractures, found that 
plate fixation was associated with the highest postoperative 
function scores and lowest risk of complications, followed 
by coracoclavicular fixation [8]. They suggested that plate 
fixation should be the first choice, in terms of safety and 
efficacy, for treatment of displaced lateral clavicle fractures. 
Another retrospective study by Hickland et al. reported on 
different operative treatment strategies in 44 patients with 
displaced clavicle fractures [26]. Patients were treated by 
either hook plate fixation, locking plate fixation, locking 
plate fixation and coracoclavicular ligament reconstruction 
(CCLR) or CCLR alone. They found that, besides high rates 
of implant removal after hook plate fixation, none of the 
treatment modalities was superior. However, comparison 
with a control group of nonoperatively treated patients was 
lacking in most case series or small cohorts that report on 
surgical techniques [24–29]. Robinson et al. reported that 
nonoperative management in 101 patients with a displaced 
lateral clavicle fracture resulted in good functional outcome 
and quality of life after a mean follow-up of 6.2 years [6]. 
The results of these studies endorse our findings that, at the 
long-term, both nonoperative and operative treatment may 
result in a good functional outcome and comparable results 
in terms of pain, return to work, sport activities and patient 
satisfaction.

Clinical outcomes

It has been reported that nonoperative treatment of displaced 
lateral clavicle fractures is associated with substantial non-
union rates [21, 30, 31]. In 2004, Robinson et al. reported 
a 21% nonunion rate after nonoperative treatment, although 
only 14% eventually opted for a delayed surgical interven-
tion [6]. This nonunion rate is equivalent to our results 
(20.2%). The rate of secondary interventions for nonun-
ions is comparable between their and our study (14% vs. 
9.5% of the whole cohort). Operative treatment for lateral 



296 R. A. van der Linde et al.

1 3

clavicle fractures enables early mobilization, reduced pain 
and earlier return of function, but also carries the risk of 
surgery-related complications [23, 32–34]. Adverse events 
are uncommon and may vary between the different treatment 
options [35]. Complications associated with operative treat-
ment may include fracture-related infection, implant failure, 
impingement and degenerative acromioclavicular alterations 
[8, 36, 37].

With only one fracture-related infection (1.5%) and two 
implant failures (2.9%) in this study, operative treatment 
could be considered a safe treatment option for patients with 
displaced lateral clavicle fractures. Furthermore, operative 
treatment for displaced clavicle fractures yielded a high 
union rate of 97% in the present study. This is in line with 
union rates reported in the literature, ranging from 93 to 
100% [35]. Even though operative treatment considerably 
reduces the rate of nonunions (3%), it was also associated 
with a high risk (54.4%) of a secondary intervention for elec-
tive implant removal. This is consistent with reintervention 
rates in recent literature [21, 22].

Limitations

We acknowledge that selection bias is inherent to cross-
sectional cohort studies, caused by either referral or selec-
tive loss to follow-up and nonresponse [38, 39]. We tried to 
reduce the risk of selection bias by approaching all eligible 
patients. Moreover, the response rate in our study was high 
(57%) and nonresponse analysis only revealed a small dif-
ference in age (45.9 ± 15.7 vs 38.1 ± 15.5 years; p < 0.001) 
between the responders and nonresponders. Another limi-
tation is that this study does not provide longitudinal data 
about short-term patient outcomes. This information could 
be an important consideration for active, high-demanding 
patients. Moreover, due to the limited number of patients in 
the different treatment groups comparison between the dif-
ferent operative treatment strategies was not feasible. Last, 
we acknowledge that missing data about adverse events or 
complications might occur in cross-sectional studies. How-
ever, the risk of missing data concerning adverse events and 
complications was considered low, because it was acquired 
from patient files as well as from additional questions in the 
follow-up questionnaires.

Conclusion

This present study shows that nondisplaced lateral clavicle 
fractures can safely be treated nonoperatively with excel-
lent functional outcome, quality of life and high union rates 
(97%) at long-term follow-up. For displaced lateral clavi-
cle fractures, neither nonoperative nor operative treatment 
seems superior. There were no differences in functional 

outcome, quality of life, pain, return to work, sport and 
patient satisfaction between nonoperative and operative 
treatment at long-term follow-up. The definitive choice of 
treatment should be weighted between an increased absolute 
risk of a nonunion (20% vs. 3%) after nonoperative treatment 
against the high chances of undergoing a second procedure 
(54%) for elective hardware removal after primarily opera-
tive treatment. Half of the patients with a nonunion did not 
opt for additional surgical treatment. These findings from 
our multicenter cross-sectional study can be used as a guide-
line toward personalized treatment and shared decision-mak-
ing in the management of displaced lateral clavicle fractures. 
Further studies, either large randomized controlled trials or 
prospective observational studies where natural variation in 
treatment allocation is utilized, are needed to assess clinical 
outcome after nonoperative vs. operative treatment (includ-
ing comparison of different surgical techniques) of displaced 
lateral clavicle fractures.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00068- 022- 02062-2.

Declarations 

Conflict of interest Each author certifies that neither he or she, nor any 
member of his or her immediate family, has funding or commercial 
associations (consultancies, stock ownership, equity interest, patent/
licensing arrangements, etc.) that might pose a conflict of interest in 
connection with the submitted article. All ICMJE Conflict of Interest 
Forms for authors and Clinical Orthopaedics and Related  Research® 
editors and board members are on file with the publication and can be 
viewed on request.

Ethical review committee statement Each author certifies that his or 
her institution waived approval for the human protocol for this inves-
tigation and that all investigations were conducted in conformity with 
ethical principles of research. This work was performed at the Uni-
versity Medical Center Groningen, Groningen, and the Isala Hospital, 
Zwolle, the Netherlands.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

https://doi.org/10.1007/s00068-022-02062-2
http://creativecommons.org/licenses/by/4.0/


297What are the long‑term patient‑reported and clinical outcomes after lateral clavicle fractures?…

1 3

References

 1. Stanley D, Trowbridge EA, Norris SH. The mechanism of clav-
icular fracture. A clinical and biomechanical analysis. J Bone Jt 
Surg Br. 1988;70:461–4.

 2. Nordqvist A, Petersson C. The incidence of fractures of the clavi-
cle. Clin Orthop Relat Res. 1994;300:127–32.

 3. Robinson CM. Fractures of the clavicle in the adult. Epidemiology 
and classification. J Bone Jt Surg Br. 1998;80:476–84.

 4. Postacchini F, Gumina S, De Santis P, Albo F. Epidemiology of 
clavicle fractures. J Shoulder Elb Surg. 2002;11:452–6. https:// 
doi. org/ 10. 1067/ mse. 2002. 126613.

 5. Kim D-W, Kim D-H, Kim B-S, Cho C-H. Current concepts for 
classification and treatment of distal clavicle fractures. Clin 
Orthop Surg. 2020;12:135–44. https:// doi. org/ 10. 4055/ cios2 0010.

 6. Robinson CM, Cairns DA. Primary nonoperative treatment of 
displaced lateral fractures of the clavicle. J Bone Jt Surg Am. 
2004;86-A:778–82.

 7. Anderson K. Evaluation and treatment of distal clavicle fractures. 
Clin Sports Med. 2003;22(319–26):vii.

 8. Boonard M, Sumanont S, Arirachakaran A, et al. Fixation method 
for treatment of unstable distal clavicle fracture: systematic 
review and network meta-analysis. Eur J Orthop Surg Traumatol. 
2018;28:1065–78. https:// doi. org/ 10. 1007/ s00590- 018- 2187-x.

 9. Axelrod DE, Ekhtiari S, Bozzo A, et al. What Is the Best evidence 
for management of displaced midshaft clavicle fractures? A sys-
tematic review and network meta-analysis of 22 randomized con-
trolled trials. Clin Orthop Relat Res. 2020;478:392–402. https:// 
doi. org/ 10. 1097/ CORR. 00000 00000 000986.

 10. Khan LAK, Bradnock TJ, Scott C, Robinson CM. Fractures of the 
clavicle. J Bone Jt Surg Am. 2009;91:447–60. https:// doi. org/ 10. 
2106/ JBJS.H. 00034.

 11. Sambandam B, Gupta R, Kumar S, Maini L. Fracture of distal end 
clavicle: a review. J Clin Orthop Trauma. 2014;5:65–73. https:// 
doi. org/ 10. 1016/j. jcot. 2014. 05. 007.

 12. Hudak PL, Amadio PC, Bombardier C. Development of an upper 
extremity outcome measure: the DASH (disabilities of the arm, 
shoulder and hand) [corrected]. The Upper Extremity Collabora-
tive Group (UECG). Am J Ind Med. 1996;29:602–8.

 13. Lenza M, Faloppa F. Surgical interventions for treating acute frac-
tures or non-union of the middle third of the clavicle. Cochrane 
database Syst Rev. 2015;5:CD007428. https:// doi. org/ 10. 1002/ 
14651 858. CD007 428. pub3.

 14. McKee RC, Whelan DB, Schemitsch EH, McKee MD. Operative 
versus nonoperative care of displaced midshaft clavicular frac-
tures: a meta-analysis of randomized clinical trials. J Bone Joint 
Surg Am. 2012;94:675–84. https:// doi. org/ 10. 2106/ JBJS.J. 01364.

 15. Slobogean GP, Slobogean BL. Measuring shoulder injury func-
tion: common scales and checklists. Injury. 2011;42:248–52. 
https:// doi. org/ 10. 1016/j. injury. 2010. 11. 046.

 16. van Reenen M, Janssen B EQ-5D-5L User Guide basic informa-
tion on how to use the EQ-5D-5L instrument. http:// www. euroq 
ol. org/ filea dmin/ user_ upload/ Docum enten/ PDF/ Folde rs_ Flyers/ 
EQ- 5D- 5L_ UserG uide_ 2015. pdf. Accessed 18 Nov 2015

 17. Sorensen AA, Howard D, Tan WH, et al. Minimal clinically 
important differences of 3 patient-rated outcomes instruments. 
J Hand Surg Am. 2013;38:641–9. https:// doi. org/ 10. 1016/j. jhsa. 
2012. 12. 032.

 18. Franchignoni F, Vercelli S, Giordano A, et al. Minimal clinically 
important difference of the disabilities of the arm, shoulder and 
hand outcome measure (DASH) and its shortened version (Quick-
DASH). J Orthop Sports Phys Ther. 2014;44:30–9. https:// doi. org/ 
10. 2519/ jospt. 2014. 4893.

 19. Metsemakers WJ, Morgenstern M, McNally MA, et al. Fracture-
related infection: a consensus on definition from an international 

expert group. Injury. 2018;49:505–10. https:// doi. org/ 10. 1016/j. 
injury. 2017. 08. 040.

 20. Gummesson C, Atroshi I, Ekdahl C. The disabilities of the arm, 
shoulder and hand (DASH) outcome questionnaire: longitudinal 
construct validity and measuring self-rated health change after 
surgery. BMC Musculoskelet Disord. 2003;4:11. https:// doi. org/ 
10. 1186/ 1471- 2474-4- 11.

 21. Hall JA, Schemitsch CE, Vicente MR, et al. Operative versus non-
operative treatment of acute displaced distal clavicle fractures: 
a multicenter randomized controlled trial. J Orthop Trauma. 
2021;35:660–6. https:// doi. org/ 10. 1097/ BOT. 00000 00000 002211.

 22. Kihlström C, Hailer NP, Wolf O. Surgical versus nonsurgical 
treatment of lateral clavicle fractures: a short-term follow-up of 
treatment and complications in 122 patients. J Orthop Trauma. 
2021;35:667–72. https:// doi. org/ 10. 1097/ BOT. 00000 00000 
002112.

 23. Oh JH, Kim SH, Lee JH, et al. Treatment of distal clavicle frac-
ture: a systematic review of treatment modalities in 425 fractures. 
Arch Orthop Trauma Surg. 2011;131:525–33. https:// doi. org/ 10. 
1007/ s00402- 010- 1196-y.

 24. Baunach D, Eid K, Ricks M, Borbas P. Long-term clinical and 
radiological results after hook plate osteosynthesis of lateral clavi-
cle fractures. J Orthop Trauma. 2021;35:378–83. https:// doi. org/ 
10. 1097/ BOT. 00000 00000 002007.

 25. Ochen Y, Frima H, Houwert RM, et al. Surgical treatment of Neer 
type II and type V lateral clavicular fractures: comparison of hook 
plate versus superior plate with lateral extension: a retrospective 
cohort study. Eur J Orthop Surg Traumatol. 2019;29:989–97. 
https:// doi. org/ 10. 1007/ s00590- 019- 02411-9.

 26. Hickland P, Goodland C, Zachariah S, et al. Operative manage-
ment of lateral third clavicle fractures: a comparison of internal 
fixation methods. Eur J Orthop Surg Traumatol. 2021. https:// doi. 
org/ 10. 1007/ S00590- 021- 03173-Z.

 27. Robinson PG, Williamson TR, Yapp LZ, Robinson CM. Func-
tional outcomes and complications following combined locking 
plate and tunneled suspensory device fixation of lateral-end clavi-
cle nonunions. J Shoulder Elb Surg. 2021;30:2570–6. https:// doi. 
org/ 10. 1016/J. JSE. 2021. 03. 151.

 28. Karuppaiah K, Bilal A, Colegate-Stone T, et al. Outcome follow-
ing management of unstable lateral end clavicle fractures with 
locking plate and coracoid anchor augmentation. Shoulder Elb. 
2022;14:181–8. https:// doi. org/ 10. 1177/ 17585 73220 981708.

 29. Degeorge B, Ravoyard S, Lazerges C, et al. Clinical impact of 
malunion after all-arthroscopic coracoclavicular stabilization for 
displaced and unstable lateral clavicle fractures. J Orthop Trauma. 
2022. https:// doi. org/ 10. 1097/ BOT. 00000 00000 002330.

 30. Ockert B, Wiedemann E, Haasters F. Distal clavicle fractures. 
Classifications and management. Unfallchirurg. 2015;118:397–
406. https:// doi. org/ 10. 1007/ s00113- 015- 0003-1.

 31. Banerjee R, Waterman B, Padalecki J, Robertson W. Manage-
ment of distal clavicle fractures. J Am Acad Orthop Surg. 
2011;19:392–401.

 32. Fleming MA, Dachs R, Maqungo S, et al. Angular stable fixa-
tion of displaced distal-third clavicle fractures with superior pre-
contoured locking plates. J Shoulder Elb Surg. 2015;24:700–4. 
https:// doi. org/ 10. 1016/j. jse. 2014. 09. 024.

 33. Lee SK, Lee JW, Song DG, Choy WS. Precontoured locking 
plate fixation for displaced lateral clavicle fractures. Orthopedics. 
2013;36:801–7. https:// doi. org/ 10. 3928/ 01477 447- 20130 523- 28.

 34. Erdle B, Izadpanah K, Jaeger M, et  al. Comparative analy-
sis of locking plate versus hook plate osteosynthesis of Neer 
type IIB lateral clavicle fractures. Arch Orthop Trauma Surg. 
2017;137:651–62. https:// doi. org/ 10. 1007/ s00402- 017- 2645-7.

 35. Hohmann E, Tetsworth K, Glatt V. Operative treatment of Neer 
type-II distal clavicular fractures: an overview of contemporary 

https://doi.org/10.1067/mse.2002.126613
https://doi.org/10.1067/mse.2002.126613
https://doi.org/10.4055/cios20010
https://doi.org/10.1007/s00590-018-2187-x
https://doi.org/10.1097/CORR.0000000000000986
https://doi.org/10.1097/CORR.0000000000000986
https://doi.org/10.2106/JBJS.H.00034
https://doi.org/10.2106/JBJS.H.00034
https://doi.org/10.1016/j.jcot.2014.05.007
https://doi.org/10.1016/j.jcot.2014.05.007
https://doi.org/10.1002/14651858.CD007428.pub3
https://doi.org/10.1002/14651858.CD007428.pub3
https://doi.org/10.2106/JBJS.J.01364
https://doi.org/10.1016/j.injury.2010.11.046
http://www.euroqol.org/fileadmin/user_upload/Documenten/PDF/Folders_Flyers/EQ-5D-5L_UserGuide_2015.pdf
http://www.euroqol.org/fileadmin/user_upload/Documenten/PDF/Folders_Flyers/EQ-5D-5L_UserGuide_2015.pdf
http://www.euroqol.org/fileadmin/user_upload/Documenten/PDF/Folders_Flyers/EQ-5D-5L_UserGuide_2015.pdf
https://doi.org/10.1016/j.jhsa.2012.12.032
https://doi.org/10.1016/j.jhsa.2012.12.032
https://doi.org/10.2519/jospt.2014.4893
https://doi.org/10.2519/jospt.2014.4893
https://doi.org/10.1016/j.injury.2017.08.040
https://doi.org/10.1016/j.injury.2017.08.040
https://doi.org/10.1186/1471-2474-4-11
https://doi.org/10.1186/1471-2474-4-11
https://doi.org/10.1097/BOT.0000000000002211
https://doi.org/10.1097/BOT.0000000000002112
https://doi.org/10.1097/BOT.0000000000002112
https://doi.org/10.1007/s00402-010-1196-y
https://doi.org/10.1007/s00402-010-1196-y
https://doi.org/10.1097/BOT.0000000000002007
https://doi.org/10.1097/BOT.0000000000002007
https://doi.org/10.1007/s00590-019-02411-9
https://doi.org/10.1007/S00590-021-03173-Z
https://doi.org/10.1007/S00590-021-03173-Z
https://doi.org/10.1016/J.JSE.2021.03.151
https://doi.org/10.1016/J.JSE.2021.03.151
https://doi.org/10.1177/1758573220981708
https://doi.org/10.1097/BOT.0000000000002330
https://doi.org/10.1007/s00113-015-0003-1
https://doi.org/10.1016/j.jse.2014.09.024
https://doi.org/10.3928/01477447-20130523-28
https://doi.org/10.1007/s00402-017-2645-7


298 R. A. van der Linde et al.

1 3

techniques. JBJS Rev. 2019;7: e5. https:// doi. org/ 10. 2106/ JBJS. 
RVW. 18. 00046.

 36. Kalamaras M, Cutbush K, Robinson M. A method for internal 
fixation of unstable distal clavicle fractures: early observations 
using a new technique. J Shoulder Elb Surg. 2008;17:60–2. https:// 
doi. org/ 10. 1016/j. jse. 2007. 04. 012.

 37. Klein SM, Badman BL, Keating CJ, et al. Results of surgical treat-
ment for unstable distal clavicular fractures. J Shoulder Elb Surg. 
2010;19:1049–55. https:// doi. org/ 10. 1016/j. jse. 2009. 11. 056.

 38. Ramirez-Santana M. Limitations and biases in cohort studies. In: 
Mauricio Barría R, editor.  Cohort Studies in Health Sciences. 
InTech; 2018. https:// doi. org/ 10. 5772/ intec hopen. 74324.

 39. Euser AM, Zoccali C, Jager KJ, Dekker FW. Cohort studies: pro-
spective versus retrospective. Nephron Clin Pract. 2009;113:c214–
7. https:// doi. org/ 10. 1159/ 00023 5241.

https://doi.org/10.2106/JBJS.RVW.18.00046
https://doi.org/10.2106/JBJS.RVW.18.00046
https://doi.org/10.1016/j.jse.2007.04.012
https://doi.org/10.1016/j.jse.2007.04.012
https://doi.org/10.1016/j.jse.2009.11.056
https://doi.org/10.5772/intechopen.74324
https://doi.org/10.1159/000235241

	What are the long-term patient-reported and clinical outcomes after lateral clavicle fractures? A cross-sectional study of 619 patients
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Background
	Rationale
	Research questions

	PatientsMethods
	Study design
	Study population
	Treatment and outcome
	Statistical methods

	Results
	Participants
	Initial treatment
	Patient-Reported outcomes
	Clinical outcome

	Discussion
	Background and rationale
	Patient-reported outcomes
	Clinical outcomes
	Limitations

	Conclusion
	References




