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Paediatric clavicle fractures have traditionally been treated nonoperatively. Recent studies have recommended operative
management for displaced midshaft fractures. We conducted a retrospective review of all clavicle fractures in children aged one to
sixteen over a two-year period. We classified fractures and evaluated followup and clinical outcome. We identified 190 fractures.
There were 135 boys and 55 girls. 65% of fractures were displaced and 35% undisplaced. Mean radiographic and clinical followup
was 35 days and 44 days, respectively. Clavicle fractures in children heal with nonoperative management. Radiographs of clavicle
fractures in children are unnecessary in the absence of clinical symptoms.

1. Introduction

Clavicle fractures occur frequently, with the reported rates
ranging between 8% and 15% of all paediatric fractures
[1–3]. The vast majority of these injuries can be treated
nonoperatively with excellent results [4, 5]. Reported indi-
cations for operative management include markedly dis-
placed fractures with compromised skin integrity, open
fractures, concomitant vascular injury requiring repair, and
compromise of the brachial plexus [6–10]. These reports,
however, have mostly referred to fractures within the adult
population. More recently, there has been some support
for operative management of middle third fractures with
marked displacement or shortening [11–13]. Some of these
studies have specifically recommended fixation in children
and adolescents [14, 15]. The aim of this study was to review
the outcome of clavicle fractures in paediatric patients at our
institute and to determine the number of such fractures that
require operative management.

2. Methods

We retrospectively reviewed all clavicle fractures in children
treated at our institute over a two-year period. We used the
AGFA IMPAX Web1000 system to identify all radiographs of
the shoulder region performed in children aged up to and
including 15 years old. These radiographs were then reviewed

to identify all clavicle fractures in the patient cohort group.
Medical records and theatre records were then reviewed to
establish the classification of each fracture, the treatment
method used, the duration of radiographic followup, the
duration of clinical followup, and the clinical outcome.
Exclusion criteria were any patient aged 16 years or older, and
any fracture as a result of birth trauma.

3. Results

We identified 487 clavicle fractures in 483 patients treated
in our institute during the two-year period. Of these, 190
clavicle fractures satisfied the inclusion criteria (39%). Ten
neonates were excluded because their injuries were related to
birth trauma, and 283 patients were excluded because they
were 16 years old or older. There were 135 fractures in boys
and 55 fractures in girls. The age and sex breakdown of all
fractures can be seen in Figure 1. All fractures were classified
using the system described by Robinson [16, Table 1]. The
classification of all 190 fractures can be seen in Table 1. One
hundred and twenty-four fractures were undisplaced (65%)
and 66 were displaced (35%). All fractures were treated with
analgesia and a simple broad-arm sling. Immobilisation in
the sling was continued until the patient was comfortable
enough to mobilise without support. Radiographs were
taken at first presentation. Further radiographs were only
taken if the patient continued to have pain or limitation of
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Figure 1: Age and sex distribution of fractures.

Table 1: Robinson’s classification of clavicle fractures.

Type 1A1: medial 1/5th, undisplaced, extra-articular

Type 1A2: medial 1/5th, undisplaced, intra-articular

Type 1B1: medial 1/5th, displaced, extra-articular

Type 1B2: medial 1/5th, displaced, intra-articular

Type 2A1: middle 3/5ths, undisplaced

Type 2A2: middle 3/5ths, angulated

Type 2B1: middle 3/5ths, Simple or wedge comminuted

Type 2B2: middle 3/5ths, isolated or comminuted segmental

Type 3A1: lateral 1/5th, undisplaced, extra-articular

Type 3A2: lateral 1/5th, undisplaced, intra-articular

Type 3B1: lateral 1/5th, displaced, extra-articular

Type 3B2: lateral 1/5th, displaced, intra-articular

function when reviewed. Initial review was within one week
of injury, and second review was at three weeks after initial
review. Further review appointments were arranged at the
discretion of the clinician and were determined by clinical
and/or radiographic assessment. The mean radiographic
follow-up of the group as a whole was 35 days (5 weeks), and
the mean clinical follow-up was 44 days (6.3 weeks). The
mean radiological and clinical follow-up of the group when
subdivided by age can be seen in Figures 2 and 3. Forty-four
of 190 fractures (23%) had radiographic confirmation of
fracture healing. The remaining 77% had radiographic
examinations discontinued when clinical symptoms of
pain and limitation of function had resolved. All fractures
in this study had healed clinically when the child was
discharged from follow-up. All fractures healed clinically
with nonoperative management, and no children required
surgical intervention.

4. Discussion

Clavicle fractures are common injuries in general, and, in
this study, 39% of all fractures treated over a two-year
period involved children of 15 years or younger. Despite this,
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Figure 2: Mean radiological followup fractures by age, expressed in
days.
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Figure 3: Mean clinical followup fractures by age expressed in days.

there are surprisingly few published studies that specifically
discuss paediatric clavicle fractures. Traditionally, clavicle
fractures have been treated nonoperatively, particularly in
children. This is largely due to the relatively low incidence of
complications following non-operative management. Indi-
cations for operative management in the acute setting have
included markedly displaced fractures with compromised
skin integrity, open fractures, concomitant vascular injury
requiring repair, and compromise of the brachial plexus [6–
10]. Most of these studies, however, describe these complica-
tions occurring in adults. Howard and Shafer described four-
teen clavicle fractures with associated neurovascular compli-
cations, but only one case occurred in a child [6], a ten-
year old with a depressed clavicle fracture compressing the
subclavian vein. Mital and Aufranc also described a venous
occlusion following a greenstick fracture of the clavicle [17].
Keating and Von Ungern-Sternberg recently published a
case report entitled “Compression of the common carotid
artery following clavicle fracture in a twelve-year-old” but the
report actually describes a clavicle dislocation [18]. Fixation
of a clavicle fracture associated with a dislocation [19, 20]
and fixation of a fracture associated with a sternoclavicular
physeal fracture [21] have also been described in children.
Operative management for nonunion of a clavicle fracture in
a child has also been described [22].
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Figure 4: Trends of displaced and undisplaced fractures expressed
as a percentage of total for each age group.

Reports of complications of clavicle fractures and oper-
ative management of clavicle fractures in paediatric patients
are few. The examples cited above demonstrate that compli-
cations do occur, but these are extremely rare. In our group
of 190 patients, none had significant associated injuries and
none required operative management.

Displaced midshaft fractures of the clavicle have received
some attention recently, with some authors recommending
operative management. It has been demonstrated that a
periosteal hinge is important for fracture stability [23]. In
childhood, the periosteal sleeve is thick and protects the
cortex, and the bone is softer and more pliable than in adults
[24]. In displaced fractures this periosteal sleeve and hinge
has been mostly or completely disrupted (using Robinson’s
classification, displaced fractures are those that are translated
by 100% or more). Sixty-six patients (35%) in our group
sustained displaced fractures of the midclavicle, and all of
these healed clinically with non-operative management. This
included five fractures that were comminuted segmental
(Robinson type 2B2), thereby having almost or complete
disruption of the periosteal sleeve in at least one part
of the bone. As Figure 4 shows, displaced fractures occur
more commonly in children as they get older. This can
be explained by the more adult type bone and periosteum
as the child grows and develops. Indeed, Figures 3 and
4 demonstrate that the mean period of radiographic and
clinical follow-up increased with increasing age of the chil-
dren. This can in part be attributed to the larger percentage
of displaced fractures being encountered with increasing
age.

In our institute, radiographic evaluation of clavicle frac-
tures is discontinued when symptoms resolve. Some authors
recommend that torus/buckle fractures do not require
any radiographic review whatsoever, as the incidence of
complications is so small [24, 25]. In our experience, clavicle
fractures in children, whether displaced or undisplaced,
heal clinically, as demonstrated by the absence of pain and
the return of full function. This is achieved at a mean
duration of six weeks for all fractures. For all age groups, clin-
ical followup continued for at least as long as radiographic
follow-up, and in all cases radiographs were only requested
when clinically indicated. All fractures healed without
complication.

We would like to acknowledge certain limitations of this
study. This was a retrospective study reviewing radiographs

and clinical records. Clinical follow-up of patients was for
a mean of 6.3 weeks. This relatively short follow-up could
potentially result in late complications being overlooked.
Some authors have recommended that paediatric patients
with clavicle fractures require no follow-up at all [26]. This
is based on the fact that most paediatric clavicle fractures
heal and is justified by detailed written instructions given
to parents informing them of symptoms to be aware of and
when to seek further review. The vast majority of patients
reviewed in this study lived locally, and all patients are
advised to seek further review if they develop symptoms
after discharge. Patient records were reviewed at a mean
of nineteen months after injury. Had any of these patients
developed late complications within this time period, this
would have been documented within their records in the
form of referral back to the orthopaedic clinic by their family
doctor or the local emergency department. We accept that we
still may have overlooked complications in the small number
of patients who did not live locally or those whose symptoms
were not felt severe enough to warrant further orthopaedic
consultation.

Ideally, we would confirm radiographic union of all
fractures. However, radiographs take time, cost money, and
expose patients to radiation [27–29]. We firmly believe that
radiographs should only be performed when they are likely
to alter the management of the patient. Healing of paediatric
clavicle fractures is known to occur within four to six weeks
[30]. Our radiographic follow-up in this study was a mean
of five weeks, but we do recognise that only 23% of our
patients had fracture union confirmed by radiographs. Some
studies have suggested that radiographs are not required
at all in the assessment of clavicle fractures [31, 32], but
we feel that an initial radiograph to confirm and classify
the injury is appropriate even where the fracture is obvious
clinically.

5. Conclusions

As with all fractures, clavicle fractures can develop com-
plications regardless of management. There is evidence in
the literature that highlights the aetiology and risk factors
for some of these complications. Most published articles
report these complications in adult patients, and there is a
relative paucity of the literature available that is specifically
reporting upon clavicle fractures in children. Despite this,
there are a small number of reports of complications
in this group. In our experience, all paediatric clavicle
fractures can be treated with simple immobilisation and
analgesia, without development of complications. Radio-
graphic review of paediatric clavicle fractures is unnecessary
in the absence of clinical findings suggestive of delayed
union.

Disclosure

This work is solely attributable to the authors of the paper.
They have no conflict of interests, and no funding was sought
or received in the course of this work.



4 International Journal of Pediatrics

References

[1] L. A. Landin, “Fracture patterns in children. analysis of
8,682 fractures with special reference to incidence, etiology
and secular changes in Swedish urban population,” Acta
Orthopaedica Scandinavica, vol. 54, supplement 202, pp. 1–
109, 1983.

[2] R. P. Lichtenberg, “A study of 2,532 fractures in children,” The
American Journal of Surgery, vol. 87, no. 3, pp. 330–338, 1954.

[3] A. Nordqvist and C. Petersson, “The incidence of fractures of
the clavicle,” Clinical Orthopaedics and Related Research, no.
300, pp. 127–132, 1994.

[4] K. Andersen, P. Ostergaard Jensen, and J. Lauritzen, “Treat-
ment of clavicular fractures: figure-of-eight bandage versus a
simple sling,” Acta Orthopaedica Scandinavica, vol. 58, no. 1,
pp. 71–74, 1987.

[5] D. Stanley and S. H. Norris, “Recovery following fractures of
the clavicle treated conservatively,” Injury, vol. 19, no. 3, pp.
162–164, 1988.

[6] F. M. Howard and S. J. Shafer, “Injuries to the clavicle
with neurovascular complications. A study of fourteen cases,”
Journal of Bone and Joint Surgery A, vol. 47, no. 7, pp. 1335–
1346, 1965.

[7] M. Jablon, A. Sutker, and M. Post, “Irreducible fracture of the
middle third of the clavicle. Report of a case,” Journal of Bone
and Joint Surgery A, vol. 61, no. 2, pp. 296–298, 1979.

[8] A. B. Mullaji, “Low-contact dynamic compression plating of
the clavicle,” Injury, vol. 25, no. 1, pp. 41–45, 1994.

[9] J. Poigenfurst, G. Rappold, and W. Fischer, “Plating of fresh
clavicular fractures: results of 122 operations,” Injury, vol. 23,
no. 4, pp. 237–241, 1992.

[10] E. J. Zenni, J. K. Krieg, and M. J. Rosen, “Open reduction and
internal fixation of clavicular fractures,” Journal of Bone and
Joint Surgery A, vol. 63, no. 1, pp. 147–151, 1981.

[11] V. Smekal, A. Irenberger, R. E. Attal, J. Oberladstaetter, D.
Krappinger, and F. Kralinger, “Elastic stable intramedullary
nailing is best for mid-shaft clavicular fractures without
comminution: results in 60 patients,” Injury, vol. 41, pp. 713–
718, 2010.

[12] S. Thyagarajan, M. Day, C. Dent, R. Williams, and R. Evans,
“Treatment of mid-shaft clavicle fractures: a comparative
study,” International Journal of Shoulder Surgery, vol. 3, pp. 23–
27, 2009.

[13] J. M. Hill, M. H. McGuire, and L. A. Crosby, “Closed treatment
of displaced middle-third fractures of the clavicle gives poor
results,” Journal of Bone and Joint Surgery B, vol. 79, no. 4, pp.
537–539, 1997.

[14] K. L. Vander Have, A. M. Perdue, M. S. Caird, and F. A. Farley,
“Operative versus nonoperative treatment of midshaft clavicle
fractures in adolescents,” Journal of Pediatric Orthopaedics, vol.
30, no. 4, pp. 307–312, 2010.

[15] C. T. Mehlman, G. Yihua, C. Bochang, and W. Zhigang,
“Operative treatment of completely displaced clavicle shaft
fractures in children,” Journal of Pediatric Orthopaedics, vol.
29, no. 8, pp. 851–855, 2009.

[16] C. M. Robinson, “Fractures of the clavicle in the adult,” Journal
of Bone and Joint Surgery B, vol. 80, no. 3, pp. 476–484, 1998.

[17] M. A. Mital and O. E. Aufranc, “Venous occlusion following
greenstick fracture of clavicle,” Journal of the American Medical
Association, vol. 206, no. 6, pp. 1301–1302, 1968.

[18] M. Keating and B. S. Von Ungern-Sternberg, “Compression
of the common carotid artery following clavicle fracture in a
twelve-year-old,” Anaesthesia and Intensive Care, vol. 38, no. 4,
pp. 759–760, 2010.

[19] M. Tompkins, J. Bliss, R. Villarreal, and P. Solga, “Posterior
sternoclavicular disruption with ipsilateral clavicle fracture in
a nine-year-old hockey player,” Journal of Orthopaedic Trauma,
vol. 24, no. 4, pp. e36–e39, 2010.

[20] M. Lehnert, B. Maier, H. Jakob, M. Maier, H. L. Laurer,
and I. Marzi, “Fracture and retrosternal dislocation of the
medial clavicle in a 12-year-old child—Case report, options
for diagnosis, and treatment in children,” Journal of Pediatric
Surgery, vol. 40, no. 11, pp. E1–E3, 2005.

[21] M. Lampasi, V. Bochicchio, C. Bettuzzi, and O. Donzelli, “Ster-
noclavicular physeal fracture associated with adjacent clavicle
fracture in a 14-year-old boy: a case report and literature
review,” Knee Surgery, Sports Traumatology, Arthroscopy, vol.
16, no. 7, pp. 699–702, 2008.

[22] N. Spapens, I. Degreef, and P. Debeer, “Posttraumatic pseu-
darthrosis of the clavicle in an 8-year-old girl,” Journal of
Pediatric Orthopaedics B, vol. 19, no. 2, pp. 188–190, 2010.

[23] M. M. Zamzam and K. I. Khoshhal, “Displaced fracture
of the distal radius in children: factors responsible for
redisplacement after closed reduction,” Journal of Bone and
Joint Surgery, vol. 87, pp. 841–843, 2005.

[24] P. H. Randsborg and E. A. Sivertsen, “Distal radius fractures
in children: substantial difference in stability between buckle
and greenstick fractures,” Acta Orthopaedica, vol. 80, no. 5, pp.
585–590, 2009.

[25] K. S. Farbman, R. J. Vinci, W. R. Cranley, W. R. Creevy, and H.
Bauchner, “The role of serial radiographs in the management
of pediatric torus fractures,” Archives of Pediatrics and Adoles-
cent Medicine, vol. 153, no. 9, pp. 923–925, 1999.

[26] J. D. F. Calder, M. Solan, S. Gidwani, S. Allen, and D. M.
Ricketts, “Management of paediatric clavicle fractures—Is
follow-up necessary? An audit of 346 cases,” Annals of the Royal
College of Surgeons of England, vol. 84, no. 5, pp. 331–333,
2002.

[27] D. Soboleski, C. Theriault, A. Acker, V. Dagnone, and D.
Manson, “Unnecessary irradiation to non-thoracic structures
during pediatric chest radiography,” Pediatric Radiology, vol.
36, no. 1, pp. 22–25, 2006.

[28] D. Williams, “Radiation carcinogenesis: lessons from Cher-
nobyl,” Oncogene, vol. 27, no. 2, pp. S9–S18, 2008.

[29] D. J. Brenner, R. Doll, D. T. Goodhead et al., “Cancer risks
attributable to low doses of ionizing radiation: assessing what
we really know,” Proceedings of the National Academy of
Sciences of the United States of America, vol. 100, no. 2, pp.
13761–13766, 2003.

[30] M. Pecci and J. B. Kreher, “Clavicle fractures,” American Family
Physician, vol. 77, no. 1, pp. 65–71, 2008.

[31] M. Shuster, R. B. Abu-Laban, J. Boyd et al., “Prospective eval-
uation of clinical assessment in the diagnosis and treatment of
clavicle fracture: are radiographs really necessary?” Canadian
Journal of Emergency Medicine, vol. 5, pp. 309–313, 2003.

[32] J. Landine, R. McGraw, and W. Pickett, “Clinical diagnosis
of clavicle fractures: a pilot study,” Canadian Journal of
Emergency Medicine, vol. 3, no. 2, pp. 95–98, 2001.


	Introduction
	Methods
	Results
	Discussion
	Conclusions
	Disclosure
	References

