Send Orders for Reprints to reprints@benthamscience.ae
The Open Orthopaedics Journal, 2018, 12, 1-6

1

The Open Orthopaedics Journal
Content list available at: www.benthamopen.com/TOORTHJ/
DOI: 10.2174/1874325001812010001

REVIEW ARTICLE

Nonoperative Treatment of Midshaft Clavicle Fractures in Adults
Sören Waldmann*, Emanuel Benninger and Christoph Meier
Clinic for Orthopaedics and Traumatology, Department of Surgery, Kantonsspital Winterthur, Brauerstrasse 15,
CH-8401, Winterthur, Basel, Switzerland
Received: December 03, 2017

Revised: December 24, 2017

Accepted: December 29, 2017

Abstract: Clavicle fractures are among the most common skeletal injuries accounting for 2-5% of all adult fractures. Historically,
nonoperative treatment of midshaft clavicular fractures was considered the gold standard of care. Furthermore, nonoperative
treatment has been challenged by an increasing popularity and rate of surgical fixations in recent years despite a lack of clear
evidence in the current literature. Most fractures are suitable for conservative treatment. There is solid evidence in favour of
nonoperative treatment for fractures with a displacement of less than 2cm and remaining contact of the bone fragments. Clear
indications for conservative treatment versus surgical fixation of displaced midshaft fractures have not finally been established yet,
leaving some questions and problems unanswered. Furthermore, there are no evidence-based recommendations concerning the kind
and duration of shoulder immobilisation with no clear advantage for any treatment modality.
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1. INTRODUCTION
Clavicle fractures are among the most common skeletal injuries accounting for 2-5% of all adult fractures with an
incidence of 29-64 cases per 100.000 [1, 2]. These injuries often result from moderate to high-energy mechanisms such
as sports injuries or road traffic accidents. Sports injuries are responsible for nearly half of all clavicle fractures. This
group includes in particular young high-demanding male individuals, whereas low-energy fractures in elderly people
predominantly result from falls. Pathological fractures caused by metastatic or metabolic disease are rarely seen [3].

Fig. (1A). The antero-posterior radiograph shows an acute multifragmentary midshaft fracture of the clavicle with slight
displacement and preserved contact of the bone fragments.
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Historically, nonoperative treatment of midshaft clavicular fractures was considered the gold standard of care. This
recommendation is based on the analysis of 2000 patients with a very low non-union rate of 0.13%, reported by Neer in
1960 and Rowe’s publication from 1968 with an observed nonunion rate of 0.8% in 566 midshaft clavicular fractures
[4, 5]. However, there has been no uniform conservative treatment modality yet and different conservative interventions
are commonly applied. Furthermore, nonoperative treatment has been challenged by an increasing popularity and rate of
surgical fixations in recent years despite a lack of clear evidence in the current literature [6] Fig. (1A and B).

Fig. (1B). The antero-posterior radiograph of the same fracture at follow-up 16 weeks after trauma demonstrates an only marginal
increase of the initial displacement with progressive callus formation.

1.1. Fracture Localization and Biomechanics
Most clavicular fractures occur in the mid-part of the clavicle (80%), about 12-15% are laterally localized and only
a few fractures affect the medial part of the bone [5, 7, 8].
The trauma mechanism of clavicle fractures is typically induced by a direct blow to the shoulder, rather than by a
fall on the outstretched hand [9]. The clavicle is an S-shaped relatively thin bone with a larger diameter in the medial
part and a strong ligamentous fixation at its distal end. The midshaft is susceptible to fracture where there are no strong
ligaments, muscle coverage is absent and the curved bone is weaker. These fractures are usually complete and show an
either oblique or transverse, often multifragmentary fracture pattern. In 73%, midshaft fractures are displaced without
any contact of the bone fragments [2] (Fig. 2A-F).

Fig. (2A-F). Nonoperative treatment advised
A. Incomplete
B. Alignment
C. Minimal displacement
D. Dislocated with contact
E. Displaced with distance 2cm
F. Minor Shortening.
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1.2. Indications for No Operative Treatment
The primary goal of treatment is to restore shoulder function to a normal level by setting preconditions which allow
the clavicle to heal with minimal deformity, no loss of shoulder motion and minimized pain [10]. There is no
controversy that undisplaced fractures and fractures with cortical alignment are successfully treated by conservative
measures [2]. Nonoperative treatment is also recommended for fractures with a displacement and shortening of less than
2cm [11]. Good shoulder function equivocal to operatively treated fractures can be achieved with a low nonunion rate.
However, surgery should be considered for open fractures, compromised skin conditions, neurological deficiencies,
vascular injury, ipsilateral serial rib fractures or floating shoulder [12]. Considering these indications, more than 50% of
all midshaft fractures of the clavicle in adults are suitable for nonoperative treatment with excellent functional outcome
[13] (Fig. 3A-E).

Fig. (3A-E). Operative treatment advised
A. Shortening >2cm
B. Displaced without contact >2cm
C. Skin lession
D. Combination with ipsilateral serial rib fractures
E. Floating shoulder

The best treatment for fractures with a displacement and shortening of more than 2 cm is still controversially
discussed in the literature [14 - 16]. There is some good evidence that the nonunion rate is significantly higher when
these fractures are managed nonoperatively (0-34%) compared to surgical treatment (0-3%) [17]. In a meta-analysis of
randomized clinical trials investigating conservative treatment versus surgical care for displaced midshaft fractures,
McKee et al reported an overall nonunion rate of 15% versus 1% of all included studies [17]. However, the functional
outcome of healed fractures is similar in both groups and the better outcome of surgical fixation appears to result mainly
from the prevention of nonunions [18]. Two number-to-treat analyses demonstrated that more than 5-6 patients have to
undergo primary surgery in order to prevent one single nonunion [18, 19]. The authors could demonstrate that plate
fixation increases the union rate significantly for displaced fractures but they found no difference concerning the
functional outcome of the shoulder with similar Constant-Murley and DASH scores at all time points [19].
In a systematic review, all reported predictors associated with nonunion following nonoperative treatment of
displaced midshaft clavicular fractures were analyzed [20]. Displacement was found to be the most likely predictor.
Smoking, fracture comminution, shortening, advancing age and female gender were identified to be doubtful risk
factors whereas fracture angulation, a vertical fragment, the presence of associated injuries, and other factors did not
demonstrate any impact on the development of a nonunion [20].
Patient satisfaction regarding the cosmetic result is reported to be higher after surgical treatment [18, 21]. Pain
control during the first 5-6 weeks after trauma is also more efficient after osteosynthesis compared to nonoperative
treatment [7, 22, 23]. Conservative fracture management may also be associated with a longer time of incapacity to
work compared to surgical fracture care [24]. However, Robinson et al. could not show any difference regarding return
to work, not even for manual work [4]. Neither the number of patients returning to their sport nor the timing of the
return to sport differed between conservative treatment and plate fixation [4]. From an economic point of view, the
overall cost of treatment is significantly higher for plate fixation than for the nonoperative management despite the
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much lower rate of nonunion [4, 18].
Newest literature shows still no association of shortening and functional outcome or patient satisfaction in healed
fractures, but suboptimal outcome appears in cases on nonunion [25, 26]. Malunion or shortening of the clavicle under
nonoperative treatment may lead to a change of shoulder function. A shortening >10% affects scapular kinematics [27].
In a long-term period, there will be consequences such as acromioclavicular degeneration, rotator cuff dysfunction and
furthermore reduction of force. Therefore, patients with highly displaced fractures, resulting in a functional shorter
clavicle may benefit by undergoing a surgical procedure [27].
These facts may support a primarily nonoperative management of midshaft clavicle fractures in most cases.
However, the challenge is the identification of patients who might benefit from surgical fixation. Patients with
persisting pain or a delayed course under conservative treatment may be candidates for early secondary surgery.
1.3. Practical Considerations and Techniques of Nonoperative Management
In general, a consequent and strict immobilization of the clavicle is not possible. Based on the tension forces of the
muscles of the shoulder girdle, the frequent changes of position during day and night, and the constant respiratory
excursions, there is always some motion in the fractured clavicle [9]. In line with these observations, former techniques
like painful closed reduction techniques are neither successful regarding enduring alignment nor recommended
anymore.
Initial treatment involves immobilization of the affected shoulder. Among other options, a simple sling or a figureof-eight brace is commonly used. There is no clear evidence regarding the best technique and the duration of
immobilization [16]. A figure-of-eight brace is often thought to prevent or reduce secondary fracture shortening during
the time of fracture healing. Stepwise tightening of the brace is recommended to counteract the shortening forces.
However, there is no evidence for this view and studies have shown no difference between a sling and a figure-of-eight
brace regarding healing time and the rate of nonunion [15]. With no evident advantage compared to a sling, the figureof-eight brace is associated with more discomfort and pain. Nerve compression with temporary brachial plexus palsies
and restriction of venous blood return have been reported in the literature [27].
When a sling is used, immobilisation in internal rotation is usually recommended for 3-4 weeks. Self-mobilisation
of the elbow out of the sling is required several times a day to avoid stiffening of the elbow. The range of motion of the
shoulder should usually be limited to pendulum excercises for the first 1-2 weeks followed by active movements up to
the horizontal plane within the first 6 weeks. Free range of motion is usually allowed after 6 weeks [19]. Weight bearing
should be avoided until clinical fracture consolidation. However, all these recommendations are rather based on expert
opinions and experience than on clear evidence [16].
Many clinicians allow their patients to begin with isometric physiotherapy and resistance exercises depending on
residual pain and discomfort. Sporting activities and work, demanding weight bearing and the use of the arm, are
usually suspended until the patient is free of pain with radiographic signs of progressing fracture consolidation, usually
after 6-12 weeks [21, 18]. Contact sports should be avoided for 3-4 months [18, 21].
Fracture healing may take more time in nonoperative treatment. In a Canadian multicenter randomized controlled
trial, mean time to union was significantly higher for conservative treatment compared to plate fixation (28 vs. 16
weeks) [21]. Regular clinical follow-up examinations including radiographs should be performed to monitor fracture
healing. Conservatively treated fractures of the clavicular midshaft usually unite between 18 and 28 weeks after the
injury [21, 28]. In case there is no union evident on the radiographs at this point in asymptomatic patients, no more
clinical and radiological follow-ups are necessary due to the absence of any therapeutic consequences [29, 30]. In
symptomatic patients, conversion to surgery may be considered [19, 22].
CONCLUSION
There is solid evidence in favour of nonoperative treatment for fractures with a displacement of less than 2cm and
remaining contact of the bone fragments. Clear indications for conservative treatment versus surgical fixation of
displaced midshaft fractures have not finally been established yet, leaving some questions and problems unanswered.
Furthermore, there are no evidence-based recommendations concerning the kind and duration of shoulder
immobilization with no clear advantage for any treatment modality.
Most fractures are suitable for conservative treatment. The indication for primary surgery should individually be
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based on the patient’s characteristics and needs. The challenge remains to identify the right patient for the right
treatment.
CONSENT FOR PUBLICATION
Not applicable.
CONFLICT OF INTEREST
The authors declare no conflict of interest, financial or otherwise.
ACKNOWLEDGEMENTS
Declared none.
REFERENCES
[1]

Nordqvist A, Petersson C. The incidence of fractures of the clavicle. Clin Orthop Relat Res 1994; (300): 127-32.
[PMID: 8131324]

[2]

Robinson CM. Fractures of the clavicle in the adult. Epidemiology and classification. J Bone Joint Surg Br 1998; 80(3): 476-84.
[http://dx.doi.org/10.1302/0301-620X.80B3.8079] [PMID: 9619941]

[3]

Toogood P, Horst P, Samagh S, Feeley BT. Clavicle fractures: A review of the literature and update on treatment. Phys Sportsmed 2011;
39(3): 142-50.
[http://dx.doi.org/10.3810/psm.2011.09.1930] [PMID: 22030950]

[4]

Neer CS II. Nonunion of the clavicle. JAMA 1960; 172: 1006-11.
[http://dx.doi.org/10.1001/jama.1960.03020100014003] [PMID: 14426324]

[5]

Rowe CR. An atlas of anatomy and treatment of midclavicular fractures. Clin Orthop Relat Res 1968; 58(58): 29-42.
[PMID: 5666865]

[6]

Huttunen TT, Launonen AP, Berg HE, Lepola V, Felländer-Tsai L, Mattila VM. Trends in the Incidence of Clavicle Fractures and Surgical
Repair in Sweden: 2001-2012. J Bone Joint Surg Am 2016; 98(21): 1837-42.
[http://dx.doi.org/10.2106/JBJS.15.01284] [PMID: 27807117]

[7]

Basamania CJ, Rockwood CA Jr. Fractures of the clavicle.The Shoulder. 4th ed. Philadelphia: Saunders Elsevier 2009.
[http://dx.doi.org/10.1016/B978-1-4160-3427-8.50017-9]

[8]

Neer CS II. Fractures of the clavicle. Fractures in Adults.Philadelphia: JB Lippincott 1984; pp. 707-13.

[9]

Stanley D, Trowbridge EA, Norris SH. The mechanism of clavicular fracture. A clinical and biomechanical analysis. J Bone Joint Surg Br
1988; 70(3): 461-4.
[PMID: 3372571]

[10]

Jeray KJ. Acute midshaft clavicular fracture. J Am Acad Orthop Surg 2007; 15(4): 239-48.
[http://dx.doi.org/10.5435/00124635-200704000-00007] [PMID: 17426295]

[11]

Nordqvist A, Petersson CJ, Redlund-Johnell I. Mid-clavicle fractures in adults: End result study after conservative treatment. J Orthop Trauma
1998; 12(8): 572-6.
[http://dx.doi.org/10.1097/00005131-199811000-00008] [PMID: 9840792]

[12]

Nowak J, Holgersson M, Larsson S. Can we predict long-term sequelae after fractures of the clavicle based on initial findings? A prospective
study with nine to ten years of follow-up. J Shoulder Elbow Surg 2004; 13(5): 479-86.
[http://dx.doi.org/10.1016/j.jse.2004.01.026] [PMID: 15383801]

[13]

Ban I, Branner U, Holck K, Krasheninnikoff M, Troelsen A. Clavicle fractures may be conservatively treated with acceptable results - A
systematic review. Dan Med J 2012; 59(7): A4457.
[PMID: 22759840]

[14]

Lenza M, Buchbinder R, Johnston RV, Belloti JC, Faloppa F. Surgical versus conservative interventions for treating fractures of the middle
third of the clavicle. Cochrane Database Syst Rev 2013; (6): CD009363.
[PMID: 23740670]

[15]

Lenza M, Belloti JC, Andriolo RB, Faloppa F. Conservative interventions for treating middle third clavicle fractures in adolescents and adults.
Cochrane Database Syst Rev 2014; (5): CD007121.
[PMID: 24879341]

[16]

Lenza M, Faloppa F. Surgical interventions for treating acute fractures or non-union of the middle third of the clavicle. Cochrane Database
Syst Rev 2015; (5): CD007428.
[PMID: 25950424]

[17]

McKee RC, Whelan DB, Schemitsch EH, McKee MD. Operative versus nonoperative care of displaced midshaft clavicular fractures: A metaanalysis of randomized clinical trials. J Bone Joint Surg Am 2012; 94(8): 675-84.

6 The Open Orthopaedics Journal, 2018, Volume 12

Waldmann et al.

[http://dx.doi.org/10.2106/JBJS.J.01364] [PMID: 22419410]
[18]

Robinson CM, Goudie EB, Murray IR, et al. Open reduction and plate fixation versus nonoperative treatment for displaced midshaft
clavicular fractures: A multicenter, randomized, controlled trial. J Bone Joint Surg Am 2013; 95(17): 1576-84.
[http://dx.doi.org/10.2106/JBJS.L.00307] [PMID: 24005198]

[19]

Woltz S, Stegeman SA, Krijnen P, et al. Plate fixation compared with nonoperative treatment for displaced midshaft clavicular fractures: A
multicenter randomized controlled trial. J Bone Joint Surg Am 2017; 99(2): 106-12.
[http://dx.doi.org/10.2106/JBJS.15.01394] [PMID: 28099300]

[20]

Jørgensen A, Troelsen A, Ban I. Predictors associated with nonunion and symptomatic malunion following non-operative treatment of
displaced midshaft clavicle fractures--A systematic review of the literature. Int Orthop 2014; 38(12): 2543-9.
[http://dx.doi.org/10.1007/s00264-014-2450-7] [PMID: 25027978]

[21]

Nonoperative treatment compared with plate fixation of displaced midshaft clavicular fractures. A multicenter, randomized clinical trial. J
Bone Joint Surg Am 2007; 89(1): 1-10.
[http://dx.doi.org/10.2106/JBJS.F.00020] [PMID: 17200303]

[22]

Eden L, Ziegler D, Gilbert F, Fehske K, Fenwick A, Meffert RH. Significant pain reduction and improved functional outcome after surgery
for displaced midshaft clavicular fractures. J Orthop Surg 2015; 10: 190.
[http://dx.doi.org/10.1186/s13018-015-0336-z] [PMID: 26704994]

[23]

Pearson AM, Tosteson AN, Koval KJ, et al. Is surgery for displaced, midshaft clavicle fractures in adults cost-effective? Results based on a
multicenter randomized, controlled trial. J Orthop Trauma 2010; 24(7): 426-33.
[http://dx.doi.org/10.1097/BOT.0b013e3181c3e505] [PMID: 20577073]

[24]

Melean PA, Zuniga A, Marsalli M, et al. Surgical treatment of displaced middle-third clavicular fractures: A prospective, randomized trial in
a working compensation population. J Shoulder Elbow Surg 2015; 24(4): 587-92.
[http://dx.doi.org/10.1016/j.jse.2014.11.041] [PMID: 25619692]

[25]

Woltz S, Krijnen P, Schipper I. Plate fixation versus nonoperative treatment for displaced midshaft clavicular fracture. JBJS 2017; 99: 1051-7.
[http://dx.doi.org/10.2106/JBJS.16.01068]

[26]

Gouldie EB, Clement ND, Murray IR, et al. The influence of shortening on clinical outcome in healed displaced midshaft clavicular fractures
after nonoperative treatment.
[http://dx.doi.org/10.2106/JBJS.16.01010] [PMID: 28719555]

[27]

DongWoo Lee, YoungHwan Jang, Jun Seop Yeom, Scott A. Banks. Effects of short malunion of clavicle on in vivo scapular kniematics. J
Shoulder Elbow Surg 2017; 26: e286-92.
[http://dx.doi.org/10.1016/j.jse.2017.03.013] [PMID: 28478902]

[28]

Ersen A, Atalar AC, Birisik F, Saglam Y, Demirhan M. Comparison of simple arm sling and figure of eight clavicular bandage for midshaft
clavicular fractures: A randomised controlled study. Bone Joint J 2015; 97-B(11): 1562-5.
[http://dx.doi.org/10.1302/0301-620X.97B11.35588] [PMID: 26530661]

[29]

Smekal V, Irenberger A, Struve P, Wambacher M, Krappinger D, Kralinger FS. Elastic stable intramedullary nailing versus nonoperative
treatment of displaced midshaft clavicular fractures-A randomized, controlled, clinical trial. J Orthop Trauma 2009; 23(2): 106-12.
[http://dx.doi.org/10.1097/BOT.0b013e318190cf88] [PMID: 19169102]

[30]

Lenza M, Belloti JC, Andriolo RB, Gomes Dos Santos JB, Faloppa F. Conservative interventions for treating middle third clavicle fractures in
adolescents and adults. Cochrane Database Syst Rev 2009; (2): CD007121.
[PMID: 19370673]

© 2018 Waldmann et al.
This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a
copy of which is available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.

