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A high degree of variability exists in how ‘‘safety and

efficacy’’ is defined and reported in growing rod surgery for

early-onset scoliosis: A systematic review

Pooria Hosseini, Areian Eghbali, Jeff Pawelek, Karen Heskett,

Gregory Mundis, Behrooz Akbarnia

Summary: Established criteria for reporting safety and efficacy have not

yet been defined in growing rod surgery for early-onset scoliosis. A sys-

tematic literature review revealed a high degree of variability in how au-

thors stratified complications and patient outcomes as a means to define

safety and efficacy for this challenging patient population.

Hypothesis: There is no consensus on the parameters used for reporting

safety and efficacy in growing rod treatment for early-onset scoliosis.

Design: Systematic literature review.

Introduction: TGR) and magnetically controlled growing rods (MCGR)

using various parameters. Radiographic parameters are most commonly

used to measure efficacy, while incidence and type of complications are

used to assess safety. A systematic review was performed to identify

whether a consensus exists in how safety and efficacy parameters are re-

ported in TGR and MCGR treatment outcomes.

Methods: Four databases were searched to identify qualified peer-

reviewed articles using keyword searches (Table 1). All peer-reviewed

articles published in English language reporting any data related to safety

and efficacy of the TGR and/or MCGR surgical technique were included.

Included articles were scored by modified Downs and Black scoring sys-

tem for non-randomized studies.

Results: Database search found 111 citations including: PubMed (50),

Embase (68 with 21 duplicates), Web of Science (29 with 15 duplicates),

and CINAHL (15; all duplicates). 56 of 111 citations were excluded

during the review of the abstract and 16 were excluded at time of

manuscript review. The remaining 39 articles included 23 TGR (2007-

2016) and 16 MCGR papers (2012-2016). The overall Downs and Black

score was 63.9 for TGR papers vs. 64.0 for MCGR papers (pO0.05).

Efficacy measures were not consistently reported among the publica-

tions. The only consistently reported efficacy parameter in majority

(O90%) of papers was curve size. Complication reporting was

highly variable.

Conclusion: Major curve size was the only consistent parameter to

report efficacy in peer-reviewed TGR and MCGR publications. Com-

plications were not consistently reported, thus assessing safety of either

treatment was infeasible. Establishing standardized safety and efficacy

parameters in growing rod surgery for EOS would improve the quality of

future studies and makes comparison of different treatment modal-

ities possible.
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Cost analysis of a growth guidance system compared with

magnetically controlled and traditional growing rods for

early-onset scoliosis in the US: an integrated health care

delivery system perspective

Scott Luhmann, Eoin McAughey, Ackerman Stacey, David Bumpass,

Richard McCarthy

Summary: Traditional growing rods (TGR), magnetically controlled

growing rods (MCGR) and growth guidance systems (GGS) have

demonstrated comparable radiographic outcomes in the treatment of early-

onset scoliosis (EOS). The purpose of this study was to compare direct

medical costs of GGS compared to TGR and MCGR using an economic

model. Over a 6-year episode of care GGS had lower cumulative costs than

MCGR and TGR, saving an estimated $25,226 vs TGR (16% decrease)

and $29,916 vs MCGR (18% decrease).

Hypothesis: GGS, when compared to TGR and MCGR, will be cost

saving over a 6-year episode of care.

Design: Cost analysis using a decision-analytic model.

Introduction: TGR for EOS are effective but require repeated invasive

surgical lengthenings that risk complications. Alternatives include MCGR

that lengthen noninvasively and the GGS, which obviate the need for

active, distractive lengthenings. Previous studies have reported promising

clinical effectiveness for GGS similar to TGR.

Methods: An economic model was developed to estimate the cost of GGS

compared with MCGR and TGR for EOS from a US integrated health care

delivery system perspective. Using dual-rod construct, the model estimated

the cumulative costs associated with initial implantation, revisions due to

device failure, surgical-site infections, device exchange (at 3.8 years), rod

lengthenings (TGR, MCGR), and final spinal fusion over a 6-year episode

of care. Model parameters were from peer-reviewed, published literature.

Medicare payments were used as a proxy for provider costs. Costs (2016

US dollars) were discounted 3% annually.

Results: Over the 6-year episode of care, GGS was associated with fewer

invasive surgeries per patient than TGR (GGS: 3.4; TGR: 14.4). GGS had

lower cumulative costs than MCGR and TGR, saving an estimated $25,226

vs TGR (16% decrease) and $29,916 vs MCGR (18% decrease). Sensi-

tivity analyses indicated that results were sensitive to changes in construct

Table 1

Searched terms: adverse effects, complications, risk, treatment outcome,

safety, efficacy, effectiveness, magnetically controlled growing rod,

MCGR, traditional growing rod, conventional growing rod, TGR, CGR,

growing spinal implant, growing rod implant, growing rod surgery,

magnetic expansion control rod, magnetic driven growing rod, MAGEC,

and early onset scoliosis.

Modified Downs and Black Scoring

TGR MCGR P

Reporting

Score (%)

86.4 � 13.5

(50 - 100)

85.1 � 12.2

(62.5 - 100)

O 0.05

External

Validity (%)

75.5 �17.9

(33 - 100)

75.4 � 14.7

(67 - 100)

O 0.05

Internal

Validity (%)

39.2 � 8.0

(22-55)

41.2 � 4.9

(33-44)

O 0.05

Overall

Score (%)

63.9 � 6.9

(50-75)

64.0 � 6.3

(50-75)

O 0.05

Demographics

TGR MCGR P

Mean age (years) 6.5 � 0.8 (5.1-8.7) 8.0 � 1.7 (4.5-12) ! 0.05

Follow up (years) 4.6 � 1.3 (2.3-7.2) 1.8 � 0.6 (0.2-2.5) ! 0.05

Country (most

publications)

USA (12/23, 52%) UK (6/16, 37.5%)

Control group 4/23 (17.3%) 2/16 (12.5%)

Study design

(Most popular)

Retrospective

21/23 (91%)

Retrospective

8/16(50%)

Level of evidence Level III Level III

(Most popular) 17/23 (74%) 9/16 (56%)

Efficacy measures

TGR MCGR P

T1-T 12 height (Number

of papers reported)

3/23 (13%) 9/16 (56%) O 0.05

T1-S1 height (Number of

papers reported

10/23 (43%) 11/16 (69%) ! 0.05

Coronal Cobb Angle (Number

of papers reported)

21/23 (91%) 15/16(94%) ! 0.05

Thoracic kyphosis Angle

(Number of papers reported)

10/23 (43%) 8/16(50%) ! 0.05

459Abstracts / Spine Deformity 5 (2017) 440e465

CrossMark

CrossMark



<<
  /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 1.4
  /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /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 (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




