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Language, meaning, and localization
Last year’s words, next year’s words

For last year’s words belong to last year’s language
And next year’s words await another voice.

—T.S. Eliot1

Neurologic practice is deeply rooted in the ideal of
localization. Some would argue that neurology arose
in the mid-18th century from the study of language
localization, regarded as a uniquely human function.
The classic aphasias, those described by Broca and
Wernicke, were believed to represent exemplars of
lesion-symptom mapping, but many features of
language-onset dementias went unexplained by con-
ventional aphasiology.2 The description of aphasia
syndromes in neurodegenerative diseases has largely
overturned the static conceptualization of a brain lan-
guage postcode.3 While incremental and cumulative,
these neural network–based conceptual changes have
proven critical for elucidating the neural basis of
communication, both in healthy speakers and those
with neurologic disease. Greater understanding of the
interconnectedness and functionality of language re-
gions remains particularly important clinically, such
as for decision-making around epilepsy or oncology
surgery, and can assist in providing prognostic infor-
mation for affected individuals and their families.

In this edition of Neurology®, Pillay et al.4 sought
to describe the linguistic processes and neural corre-
lates underlying auditory description naming impair-
ments relative to picture naming using a voxel-based
lesion-symptom mapping (VLSM) approach. The au-
thors argue for an important distinction between pro-
cessing the meaning of a single word (as is the case in
picture naming tasks) and processing the meaning of
phrases. Multiword (or connected) speech requires
understanding of individual words, as well as appre-
ciation of syntax and paralinguistic features. The au-
thors tested this principle in 51 stroke patients using
3 behavioral tests: (1) auditory description naming,
during which participants named a verbally described
object; (2) picture naming; and (3) auditory sentence
comprehension, during which participants decided
whether a spoken phrase accurately described a video.
VLSM was used to link behaviors to lesions on

a voxel-by-voxel basis, only including voxels lesioned
in at least 3 patients.

Picture naming as a covariate to represent single-
word semantic knowledge, deficits in auditory
description naming, and auditory sentence compre-
hension were associated with lesions localized to the
mid-to-posterior portion of the middle temporal
gyrus (pMTG). Pillay et al.4 worked on the assump-
tion that auditory description naming and auditory
sentence comprehension share a dependence on pro-
cesses specific to spoken language comprehension
compared to picture naming, which likely does not
depend on the integration of connected speech. Their
data also support a role for the inferior frontal lobe in
spoken language comprehension. However, they were
unable to demonstrate that damage in this region
impaired comprehension more than picture naming.
Rather, they highlight the central role of the lateral
temporal cortex in multiword integration indepen-
dent of frontal or parietal executive control systems.

These data complement earlier work examining
semantic cognition in healthy and pathologic cohorts.
A meta-analysis of regions associated with the execu-
tive component of semantic cognition revealed that
the pMTG, as well as prefrontal cortex and dorsal
angular gyrus, are consistently recruited during exec-
utively demanding semantic tasks, compared to tasks
with low executive requirements.5 Data from the 51
included studies suggested that pMTG activation was
associated with deficits in receptive semantic process-
ing and not expressive tasks.5 Inhibitory transcranial
magnetic stimulation directed to the pMTG also dis-
rupts semantic functioning in paradigms that have
increased executive requirements.6 Similarly, resting-
state functional MRI shows the interconnectedness
among the pMTG, the inferior frontal gyrus (IFG),
and the anterior temporal lobe,7 with a breakdown in
either the pMTG or IFG leading to deficits in exec-
utively demanding semantic judgments.6,8

Recent functional and structural neuroimaging
work in neurologically healthy participants further
supports the notion that pMTG plays a crucial role
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as connector in executively demanding language net-
works.9 It links anterior temporal and prefrontal re-
gions for semantic representation and control and
connects with inferior frontal gyrus during tasks
and at rest forming a semantic control network
thought to be distinct from executive function. Davey
et al.9 proposed that the pMTGmay enable a dynamic
semantic retrieval process regulated by task and
context.

Together, lesion-mapping and event-related neu-
roimaging studies suggest that the pMTG, alongside
the IFG, forms part of an integrated hub that coordi-
nates complex or integrated semantic information
enhancing retrieval and interpretation of connected
speech.10 In their comprehensive review, Lambon
Ralph et al.10 propose a convergent framework for
the understanding of the neural and computational
bases of semantic cognition. They maintain the
importance of the bilateral anterior temporal lobes,
in keeping with the hub-and-spoke theory of seman-
tic representation, but also recognize the contribution
of other regions to the access, retrieval, and prioritiz-
ing of semantic knowledge. These regions include the
pMTG, giving further strength to the notion of its
contribution to semantic function. The findings re-
ported by Pillay et al. will be of interest to aphasiol-
ogists and neurologists, as well as informing language
localization mapping for surgical planning and post-
stroke rehabilitation.

STUDY FUNDING
No targeted funding reported.

DISCLOSURE
Brodtmann serves on the scientific advisory board of the Brain Health

Initiative, a United States–based firm, and on the editorial Board for

Neurology and the International Journal of Stroke. Vogel is funded by an

Australian NHMRC fellowship (#1082910). Go to Neurology.org for

full disclosures.

REFERENCES
1. Eliot TS. Little Gidding. In: Four Quartets. London: Faber;

2001:54, lines 118–119.

2. Hodges JR, Patterson K, Oxbury S, Funnell E. Semantic

dementia: progressive fluent aphasia with temporal lobe

atrophy. Brain 1992;115:1783–1806.

3. Mesulam MM, Thompson CK, Weintraub S, Rogalski EJ.

The Wernicke conundrum and the anatomy of language

comprehension in primary progressive aphasia. Brain

2015;138:2423–2437.

4. Pillay SB, Binder JR, Humphries C, Gross WL, Book DS.

Lesion localization of speech comprehension deficits in

chronic aphasia. Neurology 2017;88:970–975.

5. Noonan KA, Jefferies E, Visser M, Lambon Ralph MA.

Going beyond inferior prefrontal involvement in semantic

control: evidence for the additional contribution of dorsal

angular gyrus and posterior middle temporal cortex.

J Cogn Neurosci 2013;25:1824–1850.

6. Acheson DJ, Hagoort P. Stimulating the brain’s language

network: syntactic ambiguity resolution after TMS to the

inferior frontal gyrus and middle temporal gyrus. J Cogn

Neurosci 2013;25:1664–1677.

7. Hurley RS, Bonakdarpour B, Wang X, Mesulam MM.

Asymmetric connectivity between the anterior temporal

lobe and the language network. J Cogn Neurosci 2014;

27:464–473.

8. Whitney C, Kirk M, O’Sullivan J, Lambon Ralph MA,

Jefferies E. The neural organization of semantic control:

TMS evidence for a distributed network in left inferior

frontal and posterior middle temporal gyrus. Cereb Cortex

2010;21:1066–1075.

9. Davey J, Thompson HE, Hallam G, et al. Exploring the

role of the posterior middle temporal gyrus in semantic

cognition: integration of anterior temporal lobe with execu-

tive processes. NeuroImage 2016;137:165–177.

10. Lambon Ralph MA, Jefferies E, Patterson K, Rogers TT.

The neural and computational bases of semantic cogni-

tion. Nat Rev Neurosci 2017;18:42–55.

Neurology 88 March 7, 2017 925

ª 2017 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/lookup/doi/10.1212/WNL.0000000000003705


<<
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /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 1
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /TheCowboyFont
  ]
  /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 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000410064006f00620065002000500044004600200064006f00630075006d0065006e0074007300200066006f0072000a002000200020002000200020002000200020002000200020002000200020002000200020002000200020002000200020005100750065006200650063006f007200200057006f0072006c00640020004d00690064006c0061006e0064>
  >>
  /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 [612.000 792.000]
>> setpagedevice




