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Abstract Subacromial impingement secondary to mal-

union of proximally displaced greater tuberosity fractures

may be treated with arthroscopic acromioplasty in patients

with slight displacements, but open anatomical reposi-

tioning of the malunited fragment is recommended when

more severe deformities exist. This deformity may also be

addressed by abrading the protruding proximal portion of

the greater tuberosity (tuberoplasty). However, this proce-

dure would require full elevation of the rotator cuff inser-

tion if performed with open surgery. This article reports a

technique of arthroscopic tuberoplasty based on combined

intra- and extra-articular transtendinous abrasion of the

proximal end of the greater tuberosity for malunions with

severe upward displacement of the greater tuberosity. This

procedure allows for major preservation of the rotator cuff

insertion.
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Introduction

Malunion of displaced fractures of the greater tuberosity

may result in subacromial impingement, usually due to

malposition of greater tuberosity in relation to the humeral

head [2, 4, 5, 9]. Symptomatic malunion of greater tuber-

osity fractures may be treated with arthroscopic acromio-

plasty in patients with slight displacements, but open

surgery by osteotomy and anatomical reduction of the

malunited fragment is recommended in cases with more

severe deformities when the room created by acromio-

plasty is considered insufficient to relieve subacromial

impingement [1, 3] (Fig. 1). This deformity may also be

addressed by abrading the protruding proximal portion of

the greater tuberosity (tuberoplasty). However, if this

procedure is performed with open surgery, it would require

full elevation of the rotator cuff insertion because the area

to be abraded corresponds to the footprint.

This paper reports a surgical technique based on com-

bined arthroscopic intra- and extra-articular transtendinous

abrasion of the proximal end of the greater tuberosity

(tuberoplasty), which allows for major preservation of the

rotator cuff insertion, for malunions with severe upward

deformity.

Technical note

The patient may be placed either in a lateral decubitus or in

a beach chair position. Joint surface should be inspected to

rule out any incongruities, especially in the anterior and

posterior compartments, where tuberosity malposition may

interfere with shoulder rotation. If any impinging edge of

the tuberosity is found, it will be abraded as reported by

Hinov et al. [6] and Porcellini et al. [10]. The articular side

of the rotator cuff should be carefully assessed searching

for partial thickness tears, which are commonly associated

to greater tuberosity malunions [7]. The articular surface of

the rotator cuff tendon is followed laterally with a probe,

and the greater tuberosity may be easily palpated under the

tendon insertion protruding higher than the humeral head

(Fig. 2). The camera is then inserted into the subacro-

mial space from the posterior portal. Once cleared, the
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dynamic arthroscopic view shows that the malunited

greater tuberosity fracture impinges on the inferior surface

of the coracoacromial arch, obstructing normal shoulder

movement, especially during shoulder abduction and flex-

ion. A two-step tuberoplasty is then started. In the first step,

the camera is reintroduced posteriorly into the joint for

visualization, and the proximal portion of the greater

tuberosity is abraded using a motorized burr under the

rotator cuff until the most lateral tendon insertion is

reached (Fig. 3). Instruments are switched anterior to

posteriorly to reach the most posterior and anterior margins

of the protruding bone, respectively. The intra-articular

part of the long head of the biceps tendon is preserved. In

the second step, the subacromial space is entered again and

a longitudinal 10-mm window is opened in the supraspi-

natus tendon along with its fibers using a Mitek Hooked

VAPR (DePuy Mitek, Ryanham, MA) inserted through the

lateral conventional portal. The remaining lateral protrud-

ing bone of the proximal greater tuberosity may be pal-

pated through the window. The camera is then switched to

the lateral portal, and anterior and posterior portals are used

to alternatively insert a periosteal elevator (DePuy Mitek,

Ryanham, MA) into the subacromial space and through the

window opened at the supraspinatus to detach the posterior

Fig. 2 a Illustration showing the intra-articular tuberoplasty. A burr is

inserted through the rotator interval to abrade the protruding portion of

the greater tuberosity medial to lateral and anterior to posterior.

b Intraoperative image showing abrasion of the proximal portion of the

greater tuberosity under the rotator cuff up to the most lateral tendon

insertion. RC rotator cuff, GT greater tuberosity, HH humeral head

Fig. 1 Preoperative AP radiographs of patient with a three-part

proximal humeral fracture malunion. The greater tuberosity healed in

a superior position in relation to the humeral head

Fig. 3 a Illustration showing the subacromial tuberoplasty. A burr is

inserted into the subacromial space from the posterior portal, and the

remaining proximal portion of the greater tuberosity is abraded

through a window opened in the supraspinatus tendon. b Arthroscopic

view from the lateral portal of the subacromial space. The malunited

greater tuberosity is partially removed. RC rotator cuff, CP coracoid

process, S spine of the scapula, SS supraspinatus, GT greater

tuberosity, HH humeral head
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and anterior rotator cuff insertions, respectively. Once the

upper portion of the greater tuberosity is freed from tendon

insertions, a burr is alternatively inserted from the anterior

and posterior portals using the same window to abrade the

remaining proximal portion of the greater tuberosity fol-

lowing a similar sequence (Fig. 4). After tuberoplasty is

completed, observation from the posterior portal shows

free shoulder abduction and flexion, without signs of sub-

acromial impingement. The window opened through the

supraspinatus tendon is finally sutured in a conventional

manner.

Discussion

The most important finding in this study was that malunion

of proximal humeral fractures with upward displacement of

the greater tuberosity may be successfully treated by intra-

and extra-articular arthroscopic tuberoplasty, without ele-

vating the rotator cuff insertion.

Malunion of proximal humeral fractures is difficult to

treat debilitating condition. A few reports have described a

successful arthroscopic approach consisting of intra-articu-

lar fragment abrasion in patients with malunited greater and

lesser tuberosity fractures which blocked humeral head

rotation [6, 8, 10]. Conversely, the procedure reported here

is indicated for patients with severe malunion of the greater

tuberosity in the coronal plane that causes subacromial

impingement during shoulder abduction and flexion. In

addition to clinical exam and preoperative imaging,

dynamic arthroscopic evaluation of the subacromial space

may be very useful to show the malunited greater tuberosity

obstructing normal shoulder movement due to impingement

on the inferior surface of the coracoacromial arch.

Beredjiklian et al. reported satisfactory results in two

patients with malunion of the greater tuberosity managed

with acromioplasty. Based on this experience, authors

recommended the procedure in patients with small tuber-

osity malposition [1]. However, acromioplasty alone may

be inadequate for relieving impingement in severely mal-

united greater tuberosity fractures. Open repositioning and

internal fixation is considered the best treatment option for

these cases, but requires major anatomic aggression [1, 3].

Since the rotator cuff inserts at the greater tuberosity,

abrasion of the proximal portion that includes the footprint

is the most challenging part of the procedure from a

technical viewpoint. In order to preserve tendon insertion,

tuberoplasty is performed in two steps, from the articular

and subacromial spaces. The first intra-articular step is

usually facilitated by the presence of a partial thickness

tear in the articular side of the rotator cuff, which has been

regarded as a constant finding in patients with chronic

shoulder pain after minimally displaced fractures of the

greater tuberosity [7]. Once the partial thickness tear is

debrided, the medial part of the proximal greater tuberosity

may easily be abraded with a burr. In the second step of the

procedure, a minimal window created in line with the fibers

of the supraspinatus tendon allows for cuff insertion release

and for abrasion of the lateral part of the tuberosity

working from anterior and posterior portals.

The technique reported here (arthroscopic tuberoplasty),

consisting of abrasion of the proximal part of the greater

tuberosity using a double intra-articular and subacromial

transtendinous approach, should be considered for patients

with symptoms due to malunion with upward displacement

of the greater tuberosity.

Conclusion

In proximal humeral fracture malunions with severe

upward displacement of the greater tuberosity causing

subacromial impingement, the technique of arthroscopic

tuberoplasty based on sequential intra- and extra-articular

transtendinous abrasion of the proximal end of the greater

tuberosity allows for successfully relieving subacromial

impingement with major preservation of the rotator cuff

insertion.
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Percutaneous fixation of displaced proximal humeral fractures:

Indications based on the correlation between clinical and radio-

graphic results. J Shoulder Elbow Surg 16:774–781

3. Cheung EV, Sperling JW (2008) Management of proximal

humeral nonunions and malunions. Orthop Clin North Am

39:475–482

4. Flatow EL, Cuomo F, Maday MG, Miller SR, McIlven SJ,

Bigliani LU (1991) Open reduction and internal fixation of two-

part displaced fractures of the greater tuberosity of the proximal

humerus. J Bone Joint Surg Am 73:1213–1218

5. Hanson B, Neidenbach P, de Boer P, Stengel D (2009) Functional

outcomes after nonoperative management of fractures of the

proximal humerus. J Shoulder Elbow Surg 18:612–621

6. Hinov V, Wilson F, Admas G (2002) Arthroscopically treated

proximal humeral fracture malunion. Arthroscopy 18:1020–1023

7. Kim SH, Ha KI (2000) Arthroscopic treatment of symptomatic

shoulders with minimally displaced greater tuberosity fracture.

Arthroscopy 16:695–700

8. Kowalsky MS, Bell JE, Ahmad CS (2007) Arthroscopic treat-

ment of subcoracoid impingement caused by lesser tuberosity

malunion: a case report and review of the literature. J Shoulder

Elbow Surg 16:e10–e14

9. Park TS, Choi IL, Kim YH, Park MR, Shon JH, Kim SI (1997)

A new suggestion for the treatment of minimally displaced

fractures of the greater tuberosity of the proximal humerus. Bull

Hosp Joint Dis 56:171–176

10. Porcellini G, Campi F, Paladini P (2002) Articular impingement

in malunited fracture of the humeral head. Arthroscopy 18:E39

Knee Surg Sports Traumatol Arthrosc (2010) 18:988–991 991

123


	Arthroscopic tuberoplasty for subacromial impingement secondary to proximal humeral malunion
	Abstract
	Introduction
	Technical note
	Discussion
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


