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Treatments for patients with spinal disorders has become

increasingly costly, driven both by the demands of an aging

population and by the supply of numerous technological

advancements directed toward the spine. As a result, there

has been a great deal of focus on the value actually provided

to patients by various treatment modalities. Simply put,

value is directly related to the technical or clinical benefit

provided to the patient, often vaguely described as clinical

outcome. Value is also directly related to the service pro-

vided to the patient or the patient’s overall “experience.”

Conversely, value is indirectly related to cost. Although the

definitions of a “good” clinical outcome or a “satisfying”

patient experience are not readily available, direct and indi-

rect costs can usually be measured. Therefore, health sys-

tems have sought to limit costs while maintaining or

improving outcomes. Minimizing costs has been critically

examined in the United States dating back at least to the end

of the 20th century with the passage of the Balanced Budget

Act of 1997.1 Interest in this issue of cost containment has

only increased over the first 2 decades of the 21st century

with the continued growth of medical spending2 and the

passage of the Affordable Care Act in 2010.3 Spine surgery

is no exception to this rule. Given the high expenditures

associated with spine care—estimated to approach $100 bil-

lion annually in the United States4—payors have placed

increased scrutiny on providers in an attempt to maximize

the value of delivered care.

To address this issue of cost containment and defining value

within spine care, we devote the first portion of our issue to

articles on this topic. These articles focus on current compen-

sation models in spine surgery and the current evidence for

various spine technologies, including cemented-augmented

pedicle screws for patients with low bone density and spinal

cord stimulator implantation for failed back syndrome. The full

list of topics includes:

“Bundled Payment Models in Spine Surgery” by Hines et al

“Achieving Value in Spine Surgery: 10 Major Cost Con-

tributors” by Philipp et al

“Applications of Machine Learning to Imaging of Spinal

Disorders: Current Status and Future Directions” by Merali

et al

“Is Less Really More? Economic Evaluation of Minimally

Invasive Surgery” by Chung et al

“The Value of Cement Augmentation in Patients With

Diminished Bone Quality Undergoing Thoracolumbar

Fusion Surgery: A Review” by Kolz et al

“Spine Instrumented Surgery on a Budget—Tools for Low-

ering Cost Without Changing Outcome” by Eli et al

“Recoup From Home? Comparison of Relative Cost Sav-

ings for ACDF, Lumbar Discectomy, and Short Segment

Fusion Performed in the Inpatient Versus Outpatient

Setting” by Mikhail et al

“A Systematic Review of the Cost-Utility of Spinal Cord

Stimulation for Persistent Low Back Pain in Patients With

Failed Back Surgery Syndrome” by McClure et al

“Cost-Effectiveness of Adult Spinal Deformity Surgery” by

Alvarado et al

In an effort to further characterize clinical outcome and/or

patient experience, many health care scholars and administra-

tors now lean heavily on patient-reported outcomes (PROs).

These outcomes are the very ones used in determining hospital

reimbursement5-7 and in a sense are the only real way surgeons

have of determining whether the surgery performed met the

goals of the patient. Previous literature has demonstrated that

outcomes on standardized PRO measures correlate with func-

tional outcomes.8 Those with greater self-reported health on

standardized PRO measures, such as the Patient-Reported Out-

comes Measurement Information System (PROMIS), are found

to perform better on objective functional measures, such as
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gait analysis.9 Therefore, emphasizing patient-reported out-

comes while maintaining low levels of perioperative compli-

cations and minimizing procedural morbidity will doubtlessly

enhance the quality of care delivered. But such quality

improvements are easier said than done. To achieve these

ends, it is necessary to understand the drivers of positive

patient satisfaction and high PRO scores. Previous studies

have identified several predictors, including overall health,

patient education, substance use, and concurrent psychologi-

cal distress.10 But only recently have patient preoperative

expectations for surgery been shown to predict satisfaction.

Recent work by Soroceanu et al11 and others12,13 have sug-

gested that failure of the surgeon to meet these expectations

strongly correlates with poorer patient satisfaction and lower

PRO scores.

Expectation management using preoperative education

sessions has been demonstrated to improve postoperative

patient satisfaction and to reduce postoperative healthcare

utilization.14 While nearly all interventions described to date

make use of aggregate statistics and general procedural teach-

ing, it seems likely that individualized education sessions may

provide additional benefit by informing each patient of his/her

specific procedural risks and likely benefits. Such thinking

has been the impetus behind efforts such as the National Sur-

gical Quality Improvement Program (NSQIP) risk calculator

published by the American College of Surgeons (https://risk

calculator.facs.org/RiskCalculator/), which utilizes data from

hundreds of institutions to give patients an individualized risk

profile. Such calculators often miss the granularity of spine

procedures though and have been suggested to be inaccurate

predictors of outcomes among spine surgery patients.15 For

this reason, there has been a drive to develop and deploy

disease- and surgery-specific predictive tools for spine sur-

gery patients. We highlight these tools in the second part of

this issue, with a pair of systematic reviews. The first by

Lubelski et al (“Prediction Models in Degenerative Spine

Surgery: A Systematic Review”) looks at the use of predictive

analytics in the adult degenerative spine surgery population

and the second by Lehner et al (“Narrative Review of Predic-

tive Analytics of Patient-Reported Outcomes in Adult Spinal

Deformity Surgery”) examines predictive analytic use within

the adult spinal deformity population.

Like other business ventures, medicine seeks to maximize

productivity while reducing costs. However, unlike other sec-

tors, in medicine, the “profit” can be thought of as the sum total

increase in years lived and quality of life gained by all patients

treated by the system.7 To maximize this profit and increase the

value provided by the system, it is therefore necessary to

reduce expenditures and to leverage all available tools to max-

imize the benefit to the patient. In this issue we have attempted

to highlight both issues with articles focusing on cost contain-

ment, predictive analytics, and risk profiling in spine surgery.

In the background of ongoing concerns about healthcare spend-

ing and value-based compensation, investigation into these

topics is likely to continue and we hope that the present issue

can serve as a starting point for interested parties.

Daniel M. Sciubba, MD

Department of Neurosurgery, Johns Hopkins University School

of Medicine, Baltimore, MD USA

Zach Pennington, BS

Department of Neurosurgery, Johns Hopkins University School

of Medicine, Baltimore, MD USA

Jeff Ehresman, BS

Department of Neurosurgery, Johns Hopkins University School

of Medicine, Baltimore, MD USA

Abbreviations

NSQIP: National Surgical Quality Improvement Program; PRO:

Patient-reported outcome; QALY: Quality-adjusted life-year

Authors’ Note

IRB approval was not required for the present editorial.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest

with respect to the research, authorship, and/or publication of this

article: Daniel M. Sciubba: Consultant for Baxter, DePuy-Synthes,

Globus Medical, K2 M, Medtronic, NuVasive, Stryker.

Funding

The author(s) disclosed receipt of the following financial support for

the research, authorship, and/or publication of this article: Unrelated

grant support from Baxter Medical, North American Spine Society,

and Stryker. This supplement was supported by a grant from AO Spine

North America.

References

1. Bodenheimer T. The NOTSO-SAD history of Medicare cost con-

tainment as told in one chart. Health Aff. 2002;21(suppl 1):

W88-W90. doi:10.1377/hlthaff.W2.88

2. Chen A, Goldman D. Health care spending: historical trends

and new directions. Annu Rev Econom. 2016;8(1):291-319.

doi:10.1146/annurev-economics-080315-015317

3. Nipp RD, Shui AM, Perez GK, et al. Patterns in health care access

and affordability among cancer survivors during implementation

of the Affordable Care Act. JAMA Oncol. 2018;4(6):791-797.

doi:10.1001/jamaoncol.2018.0097

4. Davis MA, Onega T, Weeks WB, Lurie JD. Where the United

States spends its spine dollars. Spine (Phila Pa 1976). 2012;

37(19):1693-1701. doi:10.1097/BRS.0b013e3182541f45

5. Levin JM, Winkelman RD, Smith GA, et al. The association

between the hospital consumer assessment of healthcare provi-

ders and systems (HCAHPS) survey and real-world clinical out-

comes in lumbar spine surgery. Spine J. 2017;17(11):1586-1593.

doi:10.1016/j.spinee.2017.05.002

6. Levin JM, Winkelman RD, Tanenbaum JE, Benzel EC, Mroz TE,

Steinmetz MP. Key drivers of patient satisfaction in lumbar spine

surgery. J Neurosurg Spine. 2018;28(6):586-592. doi:10.3171/

2017.10.spine17732

7. Porter ME. What is value in health care? N Engl J Med. 2010;

363(26):2477-2481. doi:10.1056/NEJMp1011024

Editorial 5S

https://riskcalculator.facs.org/RiskCalculator/
https://riskcalculator.facs.org/RiskCalculator/


8. Baumhauer JF. Patient-reported outcomes—are they living up to

their potential? N Engl J Med. 2017;377(1):6-9. doi:10.1056/

NEJMp1702978

9. Papuga MO, Beck CA, Kates SL, Schwarz EM, Maloney MD.

Validation of GAITRite and PROMIS as high-throughput

physical function outcome measures following ACL recon-

struction. J Orthop Res. 2014;32(6):793-801. doi:10.1002/jor.

22591

10. Sivaganesan A, Khan I, Pennings JS, et al. Why are patients

dissatisfied after spine surgery when improvements in disability

and pain are clinically meaningful? Spine J. 2020;20(10):

1535-1543. doi:10.1016/j.spinee.2020.06.008

11. Soroceanu A, Ching A, Abdu W, McGuire K. Relationship

between preoperative expectations, satisfaction, and functional

outcomes in patients undergoing lumbar and cervical spine surgery.

Spine (Phila Pa 1976). 2012;37(2):E103-E108. doi:10.1097/BRS.

0b013e3182245c1f

12. Ellis DJ, Mallozzi SS, Mathews JE, et al. The relationship

between preoperative expectations and the short-term post-

operative satisfaction and functional outcome in lumbar spine

surgery: a systematic review. Glob Spine J. 2015;5(5):436-451.

doi:10.1055/s-0035-1551650

13. Gepstein R, Arinzon Z, Adunsky A, Folman Y. Decompression

surgery for lumbar spinal stenosis in the elderly: preoperative

expectations and postoperative satisfaction. Spinal Cord. 2006;

44(7):427-431. doi:10.1038/sj.sc.3101857

14. Eastwood D, Manson N, Bigney E, et al. Improving postoperative

patient reported benefits and satisfaction following spinal fusion

with a single preoperative education session. Spine J. 2019;19(5):

840-845. doi:10.1016/j.spinee.2018.11.010

15. Wang X, Hu Y, Zhao B, Su Y. Predictive validity of the ACS-

NSQIP surgical risk calculator in geriatric patients undergoing

lumbar surgery. Medicine (Baltimore). 2017;96(43):e8416.

doi:10.1097/MD.0000000000008416

6S Global Spine Journal 11(1S)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /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 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


