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m UPPER LIMB

Surgical treatment of physeal injuries of the
lateral aspect of the clavicle

A CASE SERIES

Lateral clavicular physeal injuries in adolescents are frequently misinterpreted as
acromioclavicular dislocations. There are currently no clear guidelines for the management
of these relatively rare injuries. Non-operative treatment can result in a cosmetic deformity,
warranting resection of the non-remodelled original lateral clavicle. However, fixation with
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Kirschner (K)-wires may be associated with infection and/or prominent metalwork. We
report our experience with a small series of such cases.

Between October 2008 and October 2011 five patients with lateral clavicular physeal
fractures (types lll, IV and V) presented to our unit. There were four boys and one girl with a
mean age of 12.8 years (9 to 14). Four fractures were significantly displaced and treated
operatively using a tension band suture technique. One grade lll fracture was treated
conservatively. The mean follow-up was 26 months (6 to 42).

All patients made an uncomplicated recovery. The mean time to discharge was three
months. The QuickDASH score at follow-up was 0 for each patient. No patient developed

subsequent growth disturbances.

We advocate the surgical treatment of significantly displaced Grade IV and V fractures to
avoid cosmetic deformity. A tension band suture technique avoids the problems of retained
metalwork and the need for a secondary procedure. Excellent clinical and radiological

results were seen in all our patients.

Cite this article: Bone Joint J 2013;95-B:664-7.

Injuries of the lateral aspect of the clavicle are
rare in children, accounting for about 10% of
paediatric clavicular fractures.! They are com-
monly misinterpreted as dislocations of the
acromioclavicular joint (ACJ), although they
are in fact Salter—Harris type 22 fractures of the
lateral clavicular physis. The coracoclavicular
ligaments remain intact, unlike following a dis-
location of the AC]J, allowing the periosteal
sleeve to maintain its relationship with the
AC]J. Instead, the metaphysis displaces through
the periosteal sleeve, akin to a banana slipping
out of its skin; this has been described as a
‘pseudo dislocation’ (Fig. 1).>* Dameron and
Rockwood? classified these injuries in a similar
manner to dislocations of the ACJ, based on
the disruption of the periosteal tube and the
consequent metaphyseal displacement (Fig. 2).
Type 1 injuries involve a mild sprain without
disruption of the periosteal tube. Type II inju-
ries involve partial disruption of the dorsal per-
iosteal tube with slight widening of the lateral
clavicular physis. Type III injuries involve a
complete dorsal disruption of the periosteal
tube with < 100% superior displacement of the
metaphysis. Type IV injuries involve disruption

of the periosteal tube with superior and poste-
rior displacement of the metaphysis. Type V
injuries involve disruption of the periosteal
tube with > 100% superior displacement of the
metaphysis. Type VI injuries theoretically
involve a subcoracoid displacement of the met-
aphysis, although there are no reports of this
injury in the literature.

Owing to the rarity of these injuries, there
are no clear guidelines for their treatment.
What little material there is in the literature
suggests that treatment should be determined
by the degree of displacement of the meta-
physis,> with a preference for conservative
management, given the potential for remodel-
ling in children. The periosteal sleeve is
thought to be osteogenic and fills the gap
between the periosteum and metaphysis. How-
ever, there are reports of the formation of a
bifid or Y-shaped lateral clavicle in conserva-
tively treated patients.>® Although there are no
reports of functional limitation associated with
this deformity, some patients have undergone
resection of the lateral clavicle because of local
discomfort or cosmetic concerns.*’ The inci-
dence of cosmetic deformity varies from 6.7 %
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Superior displacement of metaphysis

Periosteum surrounding
lateral clavicle physis
remains attached to
coracoclavicular ligament

€——___Coracoacromial

ligament

Coracoclavicular
ligament

Fig. 1

Diagram showing the metaphysis slipping out of the dorsally torn per-
iosteum and displacing superiorly.

Fig. 2

Diagrams showing the Dameron and Rock-
wood classification® of lateral clavicular phy-
seal injuries.

to 70.0%.”° Furthermore, there seems to be a reduced
potential for metaphyseal remodelling in this region, which
may allow the deformity to persist into adulthood.® Some
authors have therefore suggested intramedullary Kirschner
(K)-wire fixation for displaced physeal injuries of the lateral
aspect of the clavicle, despite possible complications such as
infection, wire migration or prominent metalwork necessi-
tating a second operation.*®’ Falstie-Jensen and
Mikkelsen* recommended reduction of the fracture and
closure of the periosteal sleeve in order to avoid the prob-
lems of fixation with metalwork.
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Fig. 3

Intra-operative photograph showing the polydioxanone
suture (PDS) passed in a figure-of-eight configuration.

The aim of this study was to present our experience with
the treatment of these injuries.

Patients and Methods

All children presenting to our institution between October
2008 and October 2011 with injuries to the shoulder were
seen by the senior author (MT) and his registrars. There
were five with type I, IV and V injuries; four boys and one
girl, with a mean age of 12.8 years (9 to 14). The four
patients with type IV and V injuries were advised to
undergo surgical treatment. All operations were performed
by the senior author (MT).

Operative technique. With the patient in the beach chair
position, the fracture is approached through a bra-strap
incision. The displaced metaphyseal fragment is replaced in
the periosteal tube and held temporarily with a K-wire. A
2 mm hole is then drilled in an anteroposterior direction
through the metaphysis. A heavy polydioxanone suture
(PDS; Ethicon, West Somerville, New Jersey) is passed free-
hand through the hole and then transosseously through the
epiphyseal fragment, or through the AC]J if the epiphyseal
fragment is too small for secure fixation. The suture is tied
in a figure-of-eight configuration (Figs 3 and 4) to hold the
reduction, and the K-wire is removed. A second suture of a
similar configuration may also be used for added security.
The periosteal and trapeziodeltoid sleeves are repaired over
the clavicle and the wound is closed. The patient is immo-
bilised in a polysling and gentle mobilisation started two
weeks post-operatively (Fig. 5).

They were reviewed regularly, post-operatively and, after
obtaining formal ethical approval for the study, they were
contacted and completed Quick-DASH (Disabilities of the
Arm Shoulder and Hand) questionnaires,'® which were
completed retrospectively and returned. The QuickDASH
is a shortened version of the DASH Outcome Measure that
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Fig. 4

Pre-operative radiograph showing a type IV injury in a 14-year-old male
patient.

Fig. 5

Intra-operative fluoroscopic image of the same patient as in Figure 4
showing reduction.

measures physical function and symptoms in people with
any or multiple musculoskeletal disorders of the
upper limb.

Results

All patients were discharged from the clinic at three months
(by which time all had radiological union and full func-
tional recovery), and the mean follow-up was 26 months
(6 to 42), at which time the Quick-DASH score was 0 for
all patients. All had a full active range of movement of the
shoulder without evidence of disturbance of growth requir-
ing further treatment.

Discussion

The acromioclavicular ligaments attach to the perichon-
drium of the lateral clavicular epiphysis and then blend into
the periosteum, making the physeal-metaphyseal area the
biomechanically weakest region of the interface. The
deforming forces will therefore result in a fracture at either

lateral clavicular physis or the midshaft of the clavicle,
rather than an AC]J dislocation.>*!! Depending on the
magnitude of the force, the injury can range from variable
stripping of the periosteum in mild cases to dorsal displace-
ment of the clavicle through a tear in the thick periosteal
tube. The periosteum attached to the distal epiphysis, the
ACJ and the coracoclavicular ligaments remain intact. As
the distal epiphysis retains a cartilaginous cap into the mid-
20s, this injury may occur in young adults and must be dis-
tinguished from true AC]J dislocation. The oldest patient
described in the literature sustaining a physeal injury was
21 years old.*

Plain radiographs are usually sufficient to evaluate the
injury. An anteroposterior radiograph with a 20° cephalad
tilt will show the superior displacement. When there is min-
imal disruption of the periosteal sleeve, the acromial pro-
cess is in its normal position relative to the lateral apsect of
the clavicle, whereas disruption of the periosteal sleeve
leads to discontinuity between the acromion and the clavi-
cle. As the end of the clavicle and the acromion are incom-
pletely ossified, the normal cartilage space may be
misinterpreted as widening of the AC]J instead of a fracture
of the lateral aspect of the clavicle. An axillary/lateral
radiograph will demonstrate anteroposterior displacement,
but the majority of patients are in too much pain to
manoeuvre the arm in the correct position for this view.

Ogden® treated 14 patients ranging from infancy to
15 years of age with this type of injury, five of whom were
treated operatively with a combination of open and closed
pin fixation; displacement was cited as the rationale for sur-
gery. There was no functional loss at a mean follow-up of
ten years, although one patient who was treated conserva-
tively subsequently underwent excision of the duplicated
clavicle.® Havranek® treated ten patients ranging from nine
to 15 years of age. Only one, with a displaced fracture caus-
ing protraction of the shoulder girdle, was treated surgi-
cally with pin fixation and hemicirclage of the Thurston—
Holland fragment.'? All fractures united without func-
tional sequelae. Although seven patients developed a cos-
metic deformity, no mention is made of whether they
received treatment for this, or the length of follow-up. In
the largest series to date, Black, McPherson and Reed’
treated 45 patients ranging from five to 16 years with these
injuries, with a mean follow-up of 2.7 years; six were
treated operatively, and some experienced backout of the
metalwork. They reported good functional outcomes in
most patients; two had discomfort that did not limit activ-
ity, and three had a cosmetic deformity.

Most fractures of the midshaft of the clavicle in children,
sustained by a similar mechanism, are treated non-opera-
tively and unite at a mean of 6.3 weeks,!> whereas these
fractures united at a mean of three months. Although there
are many reports in the literature of non-operatively treated
patients developing deformity after lateral clavicle frac-
tures,>” there does not appear to be enough follow-up to
conclude whether the deformity persists into adulthood or
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whether it causes late problems. Furthermore, there is
insufficient follow-up to determine whether there are late
growth plate disturbances that might cause deformity from
lateral clavicle physeal injuries before skeletal maturity.
Like fractures of the midshaft of the clavicle fractures,
minimally displaced fractures of the lateral clavicular phy-
sis (Dameron and Rockwood?® types I to I1I) in children and
adolescents will heal without any functional disturbance if
treated non-operatively.>!! Given the excellent potential
for spontaneous healing, some authors also advocate the
non-operative treatment of significantly displaced injuries
(Dameron and Rockwood types IV to VI) with good func-
tional results,'® although there appears to be a higher like-
lihood of residual cosmetic deformity.> Although this
deformity does not cause any functional limitation, some
patients may require excision of the duplicated clavicle for
aching, discomfort or cosmesis. As a consequence grossly
displaced injuries tend to be treated surgically with reduc-
tion and K-wire fixation, with a risk of local complica-
tions.*®’ Based on this small case series we would
recommend the use of an open tension band repair using
absorbable sutures, to avoid cosmetic deformity while also
avoiding the complications associated with K-wires.

No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.

VOL. 95-B, No. 5, MAY 2013

This article was primary edited by P. Baird and first-proof edited by J. Scott.

References

1. Rockwood CA, Wilkin KE, Beaty JH. Rockwood fractures in children. Vol 3. Phila-
delphia: JB Lippincott, 1984.

Green NE, Swiontkowski MF, eds. Skeletal trauma in children. Third ed. Philadel-
phia: Elsevier, 2003.

Ogden J. Distal clavicular physeal injury. Clin Orthop Relat Res 1984;188:68—73.

Falstie-Jensen S, Mikkelsen P. Pseudodislocation of the acromioclavicular joint.
J Bone Joint Surg [Br] 1982;64-B:368—369.

Dameron TB, Rockwood CA. Fractures and dislocations of the shoulder. In: Rock-
wood CA, Wilkins KE, King RE, eds. Fractures in children. Philadelphia: JB Lippincott,
1984.624-653.

Kirkos JM, Papavasiliou KA, Sarris IK, Kapetanos GA. A rare acromioclavicular

injury in a twelve year old boy: a case report. J Bone and Joint Surg [Am] 2007,89-

A:2504-2507.

. Black GB, McPherson JA, Reed MH. Traumatic pseudodislocation of the acromi-
oclavicular joint in children: a fifteen year review. Am J Sports Med 1991;19:644—
646.

8. Ogden JA. Skeletal injury in the child. Third edition. New York: Springer-Verlag,
2000:438-441.

9. Havranek P. Injuries of distal clavicular physis in children. J Paed Orthop
1989;9:213-215.

10. Hudak PL, Amadio PC, Bombardier C. Development of an upper extremity out-
come measure: the DASH (disabilities of the arm, shoulder and hand) [corrected]: The
Upper Extremity Collaborative Group (UECG). Am J Ind Med 1996;29:602—608.

11. Shah RR, Kinder J, Peelman J, Moen TC, Sarwark J. Paediatric clavicle and

acromioclavicular injuries. J Paediatr Orthop 2010,;30:S69-S72.

12. Seckler M, Yang EC. The Thurstan-Holland fragment. Orthop Rev 1992;21:655—-657.

13. 0'Neill BJ, Molloy AP, Curtin W. Conservative management of paediatric clavicle
fractures. Int J Pedliatr 2011;2011:172571.

[

& w

o

o

~




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Sabon-Bold
    /Sabon-BoldItalic
    /SabonCE-Bold
    /SabonCE-BoldItalic
    /SabonCE-Italic
    /SabonCE-Roman
    /Sabon-Italic
    /Sabon-Roman
    /Univers
    /Univers-Bold
    /Univers-BoldOblique
    /UniversCE-Bold
    /UniversCE-BoldOblique
    /UniversCE-Medium
    /UniversCE-Oblique
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-Oblique
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


