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NEURO

Alterations in Cortical Thickness and Subcortical
\Volume are Associated With Neurological Symptoms
and Neck Pain in Patients With Cervical Spondylosis

BACKGROUND: Advanced cervical spondylosis (CS) can cause structural damage to the
spinal cord resulting in long-term neurological impairment including neck pain and
motor weakness. We hypothesized long-term structural reorganization within the brain
in patientswith CS.

OBJECTIVE: To explore the associations between cortical thickness, subcortical volumes,
neurological symptoms, and pain severity in CSpatients with or without myelopathy and
healthy controls (HCs).

METHODS: High-resolution T:weighted structural magnetic resonance imaging (MRY)
scans from 26 CS patients and 45 HCs were acquired. Cortical thickness and subcortical
volumeswere computed and compared to the modiliel Japanese Orthopedic Association
(mJOA) and the Neck Disability Index (NDI) scores.

RESULTS: Cortical thinning within the superior frontal gyrus, anterior cingulate,
precuneus, and reduction in putamen volume were associated with worsening neuro-
logical and pain symptoms. Among the strongest associations were cortical thickness
within the left precuneus (R° = 0.34) and left and right putamen (R% = 0.43, 0.47, respec-
tively) vs mJOA, and the left precuneus (R° = 0.55), insula (R = 0.57), and right putamen
(R = 0.54) vs NDI (P< .0001for all). Cortical thickness along Brodmann areas 3a, 4a, and
4p were also moderately associated with mJOA. Preliminary evidence also suggests that
patientswith CSmay undergo cortical atrophy at a faster rate than HCs.

CONCLUSION: Patients with CS appear to exhibit cortical thinning and atrophy with
worsening neurological and pain symptoms in specilicl brain regions associated with
sensorimotor and pain processing.

KEY WORDS: Brain, Degenerative cervical myelopathy, Cervical spondylosis, Cortical reorganization, Neck pain
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egenerative cervical myelopathy DCM also experience neck pain that adversely
D (DCM)! is an age-related degenerative affects their quality of lif¢¥* Conventional

condition of the cervical spine and the cervical spine imaging has shown inconsistent
most common cause of spinal cord dysfunctioncorrelation with neurological symptoms and
in elderly individual$ Many patients with limited predictive power in determining surgical
outcomes:’ Thus, there remainsa critical gap in
our knowledge base regarding the development

ABBREVIATIONS, 3-D, 3-dimensional; ACC, of neurological symptomatology in patients with

anterior cingulate cortex; BA, Brodmann area; CS,
cervical spondylosis; DCM, degenerative cervical
myelopathy; DLPFC, dorsolateral prefrontal cortex;
HC, healthy control; mJOA, modil(eH Japanese
Orthopedic Association; MRI, magnetic resonance
imaging; NDI, Neck Disability Index; SC, spinal cord
injury; VIF, variance in[&tion factor

Supplemental digital content is available for this article at
www.neurosurgery-online.com.

DCM, which often occurs as a result of advanced
compression of the spinal cord from cervical
spondylosis (CS). A better understanding of the
impact of this and other types of spinal cord
injury (SCI) on the entire central nervous system
as a unit is desperately needed, and may help
bridge our current knowledge gaps.
Laborator§® and clinical studié§** have

demonstrated that SCI can induce deleterious
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cortical alterations ranging from atrophy of projectingirans
to cell death. Investigations by Freund éfaf and Hou et df
demonstrated that SCI patients had significant corticaldty

from the Pain and Interoception Imaging Network (PAIN) Refmoy,
(http://uclacns.org/programs/pain-research-program#gepositoryy
maintained bythe Center for the Neurobiology of Stress asiliBnce’®

in the primary motor and sensory regions, and that the defree Neurological disease was an exclusionary factor for the O The

gray matter loss correlated to functional status. The fignice
of these findings, and a major rationale for this line of gtusl

that permanent structural changes in the brain could serse a

potential barrier to clinical recovery in spite of repairtbé local
injury site!!
Previous investigations regarding the supraspinal &ibers

HC group had a significantly lower mean age (46) comparechéo t
patient group (59, 2-sided t-test, £ .001), but age was accounted
for as a covariate in the analyses. Patients did not signifig differ
from controls in terms of body mass index (BMI, t-testzP4) or sex
(Chi-squared test, B .2). CS and HC demographics are summarized
in Tablel.

that occur during the pathogenesis of DCM have been morgir| Acquisition

focused on the functional brain alterations associatell thits

High-resolution 3-dimensional (3-D) T1-weighted struetuMRIs

disorder,>*° rather than assessing Str.UCtural changes. In th@/ere acquired on a 3T MR scanner (Siemens Prisma or Trio;eBiem
present study, we seek to probe sensorimotor networks'tar-st  ealthcare, Erlangen, Germany) using a 3-D magnetizatiepared
tural cortical and subcortical changes related to SCI aBd itrapid gradient-echo sequencein either the coronal, aggittaxial orien-
relationship with neurological impairment. tation, a repetition time (TR) of 2300 to 2500 ms, an echo {ifit) of
Additionally, neck pain has been largely understudied in CS to 3 ms, an inversion time (TI) of 900 to 945 ms, a flip angl®bf
patients. Brain imaging studies in patients with other nolwo and afield of view and matrix size chosen for 1 fhisotropic voxel size.

pain conditions have reported extensive structural anctiomal

changed’23 Together, these studies have helped establish &

conceptual framework for a common “pain matrix,” including
regions of the thalamus, insular cortex, cingulate codes, the
dorsolateral prefrontal cortex (DLPFE)2* consistent with a
maladaptive response to recurring pain. Another goal sfitles-
tigation was to obtain a better understanding of the sujralsp
response to neck pain that may occur in patients with CS.

METHODS

Patient Population

Atotal of 26 CS patients with or without myelopathy were jpexs
tively enrolled in this cross-sectional study involvingsebvational
magnetic resonance imaging (MRI) and evaluation of negicab
function. Patients were recruited from an outpatient n&ungery
clinic, and each had at least moderate cervical stenosisammulad
cervical MRI. Patients with any additional neurologicahddions,
such as multiple sclerosis, were excluded from this stutlypaients
signed Institutional Review Board approved consent forams] all
analyses were done in compliance with the Health Insuranca-P
bility and Accountability Act. The cohort included 20 malasd 6
females, with a mean age of 59 yr (range 40-80). The modifipenkse
Orthopedic Association (MJOA) score was used as a measngeias-

CS patients also underwent routine clinical MRI of the spineluding
2w anatomic axial and sagittal scans, which were used teurethe
anterior-posterior spinal canal diameter at the site withlargest extent
of compression to obtain an MRI version of the Torg-Pavitior& and
to record the presence of T2 hyperintensity in the spinal.cor

Image Processing and Analysis

Cortical segmentation and computation of cortical thiskne
was performed using FreeSurferhttps://surfer.nmr.mgh.harvard.
edu/fswik)®>3? on the T1 images. Processed brain surfaces were
smoothed with a full-width half-maximum of 10 mm then regjist
to a standard space. Evaluation of the associations of ineagmg
measures with mJOA scores were performed in the combinegh gb
HC subjects and CS patients. When examining NDI, HC subjeses
excluded from analyses. Age, which has a predominantiadireation
to cortical thicknes&3* was included as a covariate in analyses. The
vertex-wise level of significance was set at P05, with multiple compar-
isons correction performed by using Monte Carlo permunattonith
a significance level of R .05.

Multiple linear regression analyses were performed for pggm
variables, age, and neuroimaging measures, which yieldedicance
(P-value) for each variable in the model, as well as the gesslnf-
fit for the model (fraction of variance explained?)Rand goodness-
of-fit adjusted for multiple variables (adjusted)R®3" Multiple linear
regression was performed for cortical thickness in regidestified

logical function? The mean mJOA score for the patient cohort wasby FreeSurfer analysis and defined by the Desikan-Kili&oyrville

15 (range 9-18). Of the 26 patients, 6 had neck pain only witho
neurological symptomatology (mJOA 18), 14 presented with mild
myelopathy (mJOA of 15-17), and 6 presented with moderasevere
myelopathy (mMJOA< 14). The Neck Disability Index (NDI) was
used as a measure of neck pain and disabfit{.Of the 26 patients
enrolled in this study, 23 had NDI scores (nonpercentade, seage
0-37): 8 had no disability (0-4), 10 had mild disability (8)11 had
moderate disability (15-24), 1 had severe disability (2%-and 2 had
complete disability (35-50). Acohort of 17 neurologicétiyact, healthy
volunteer subjects (11 males and 6 females with averagefati® w,
range 25-62) underwent the same MRI protocol for comparistil
data from an additional 28 healthy control (HC) subjects if2dles
and 7 females) older than age 40 yr and similar T1 scans weseed

2 | VOLUMEO | NUMBERO | 2018

(DKT) atlas®® Additionally, we analyzed pre- and postcentral gyrii
in relation to mJOA, and anterior cingulate cortex (ACC)suilar
cortex, and rostral middle frontal gyrus (equivalent to EHePFC) in
relation to NDI. The volume of the subcortical regions of thalamus,
caudate, putamen, and pallidéfimvere also evaluated via multiple
linear regression for both mJOA and NDI. To ensure the approp
ateness of multiple linear regression models, we compuae@nce
inflation factors (VIF) for age and symptom measure, Gddd@uandt
tests for Heteroskedasticifyat type-l error-corrected rate of 0.05,
and D’Agostino & Pearson normality tests for the residfaRegres-
sions which did not pass these tests were discarded. Weeaalsorped
an exploratory analysis of the motor and sensory strips Bntiu
fying thickness on the unsmoothed brain surfaces in se@lié®tmm
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BRAIN CHANGESIN CERVICAL SPONDYLOSS

TABLE1 CSPatientsand HCSubjects Cohort Demographics.

Subject Population n Age (mean years+ SD) Sex BMI (mean + SD) mJOA (mean + SD) NDI (mean + SD)
CSPatients 26 59+ Nyears 20M/6F 272+ 6.7 554+ 28 106+ 10
HC\Volunteers 45 46 + 10 years 32M/13F 262+ 48 B

segments along the primary motor and primary sensory Brodma ]

areas (BAs) (Figure, Supplemental Digital Content?M\e computed Left Right

2-way ANOVAs for each BA with group and segment distance ag Hemisphere Hemisphere

factors, and Pearsons correlation coefficients betwéeckness and b q

mJOA (for combined CS and HC group) and NDI (for subset
of CS group with NDI scores) at each segment. Both the 2-wa
ANOVAs and Pearsons correlations computations employidakS
Holm*344 multiple comparisons correction. Regional, as well as ehol
brain, mean cortical thickness with age regressions wsoeparformed

in order to compare age-related changes in brain structureC8S
patients and HC subjects. All analyses were performed dsieefSurfer
(Version 5.3.0,https://surfer.nmr.mgh.harvard.edu/fs\yikGraphPad
Prism (Version 7.0b, La Jolla, Californiayww.graphpad.copm and
multiple egression was performed in Free Statistics Soéwéersion
1.1.23-r7 http://www.wessa.net/rwasp_multipleregression.wasp/

RESULTS

Conventional dinical Spine MRI Findings

The mean anterior-posterior spinal canal diameter at the si
of the largest extent of compression was 6.1 mini.6 mm
standard deviation, range 3.7-10.3 mm), and the mean MH
equivalent of the Torg-Paviov ratio was 0.36(Q.10 standard
deviation, range 0.20-0.58) in the cohort of CS patientd. @ u
the 26 CS patients, 14 (54%) presented with T2 hyperintensit
within the cord. Linear regression indicated that neithena
canal diameter nor MRI-equivalent Torg-Paviov were corre
lated with neurological function (MJOA,’R= 0.092, P= .1,
and R = 0.050, P= .3, respectively) or neck pain (NDI,
R?> < 0.0001, P> .9, and R = 0.0008, P= .7, respectively).
Subjects with T2 hyperintensity in the spinal cord did noteha

c

b
@/
Rl
d
Correlation Between
Cortical Thickness and mJOA

A E
S X . X
-Logo(p)

significantly different mJOA from those without (t-test=.7),
but did present with significantly lower NDI (t-test,#.01).

Association Between Cortical Thickness, Subcortical
Volume, and Neurological Function

FIGUREL Regionsdemonstratinga strong association betweenadahickness
and mJOAIn CS patientsand HC subjects. Red- Yellow demutesising cortical
thickness with increasing mJOA score (better neurolofjicattion). Regions with
significant assodiations were identified in the a, lefcpreus and cuneus; b, lejt
superior frontal lobe; ¢, right superior frontal lobe exiery into the anterior
cingulate; and d, right precuneus and cuneus.

Results from the current study demonstrate decreasinigalort

thickness in several brain regions with increasing negicdd
deficits and pain severity while accounting for age. Figlire
highlights results from vertex-wise correlations with nil§zore,
for which there were significantly positively correlategions
(decreasing cortical thickness with decreasing mJOA, @sev
neurological score) within the precuneus bilaterally (Fégyl;
Region 1a, left; Region 1d, right), in the left superior frain

the multiple linear regressions was 1.14, and corticaktigss
within the precuneus, left superior frontal lobe, caudaégar
caudate, and pre- and postcentral gyri resulted in an aabserv
association with both mJOAand age (TaB)IeT he right superior
frontal lobe presented with a significant association lailed

lobe (Figurel; Region 1b), and in a region extending acrosstests for heteroskedacity and normality of residuals. Iditamh

the right superior frontal lobe and the right caudal anterio
cingulate (Figurel; Region 1c). The VIF for age and mJOAin

NEUROSURGERY
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WOODWORTH ET AL

TABLE2. Multiple Linear Regression of Mean Cortical Thickness and Subcortical Volume with mJOA and Age.
Measure Region mJOA  mJOA P-Value Age Age P-Value R2 Adj.R2  Overall Model P-Value
Cortical Thickness LH Precuneus 0.019 04 - 0.0045 005 0.2214 0.1988 <.001

LH Sup. Fontal 0.020 04 —-0.0030 09 0.1403 0.115 .006

RH Precuneus 0.032 .001 - 0.005 001 0.3418 0.3224 <.001
Subcortical Volume LH Putamen us <.001 -36 <.001 0.4483 04321 <.001

RH Putamen 130 <.001 =839 <.001 0.4903 0.4753 <.001

LHand RH are left and right hemisphere, Sup. denotes Superior.

age (Multiple Linear Regression?R 0.4483 for the left, and )
R? = 0.4903 for the right putamen). L.eft Fi{ght
Examination of patients with CS exclusively£r26; excluding Hemisphere Hemisphere

b

HCs) uncovered similar reductions in cortical thickneg$ini
the superior frontal lobe, but thinning within the precunaas
no longer associated with decreased mJOA score (Figurel&up
mental Digital Content 2). Multiple linear regression (kgb
Supplemental Digital Content 3) only confirmed the associ
ation between the reduction in the volume of the left andtrigh
putamen and mJOA (P .03 and P= .01, respectively), though
the left and right precuneus were trending towards sigmifie
(P= .1and P= .06, respectively, VIF for age and mJOAof 1.14).

C

Association Between Cortical Thickness, Subcortical
Volume, and Neck Pain

Consistent with trends observed in overall neurologicalst,
results demonstrated a significant association betwesicalo
thickness and NDI while accounting for age, as illustrateg
in Figure2. We observed a decreasing cortical thickness with
increasing NDI (ie, worse neck pain) in the left and right
precuneus (Figur@; Regions 2a and 2d), as well as the left
superior frontal lobe (Figure?; Region 2b), and a region
extending across the superior frontal and portions of ttet ri
ACC (Figure2; Region 2c). The VIF for age and mJOA in the
multiple linear regressions was 1.12, and bilateral regjmfrthe
precuneus, right insula, right superior frontal gyrus, tiredright

Correlation Between
Cortical Thickness and NDI

caudal anterior cingulate were all found to be associatétdND | " X_ =

(Table3). The right rostral anterior cingulate failed the test for o e o %o

normality of residuals. -Logio(p)

Changesin Primary Sensory and Motor Cortical FIGURE2. Regionsdemonstratinga strong assodation betweenabattickness
Thickness and NDI in CS patients. Blue-Light Blue denotes decreasiniical thickness

E L f ical thick d with increasing NDI score (worse neck disability) in CS.iBegwith significant
xamination of cortical thickness across sensory and motor assodationswere identified in the a, left precuneusfttsuperior frontal lobe, ¢,

strips indicated a moderate but significant associatidmesn right superior frontal lobe extending into the cingulated @, right precuneus.
thickness in BA3a and mJOA at multiple segments as well
greater mean difference in cortical thickness between @GS an

HC groups (Figure for sensory; and Figuréfor motor). Both  ences between CS and HC groups. When looking at the group
primary motor areas examined (BAda and BAdp, Figikeand  factor for the 2-way ANOVA, most BAs showed a significant
Figure4B, respectively) demonstrated spatially varying moderategyroup effect, meaning that while the differences at eaamery

but significant relationships between mJOA scores and meawere small the general trend for lower thickness acrossgjierr
cortical thickness, though generally there was no sigmifidiffer-  in CS patients was still significant. For NDI, correlatidaited to

[37)
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BRAIN CHANGESIN CERVICAL SPONDYLOSS

TABLE3. Multiple Linear Regressions of Mean Cortical Thicknessand Subcortical Volume with NDI and Age.
Measure Region NDI NDI P-Value Age Age P-Value R? Adj.R2  Overall Model P-Value
Cortical Thickness LH Precuneus -0.012 <.001 -0.04 <.001 05934  0.5528 <.001

LH Insula -0.0095 01 -0018 <.001 0.6098  0.5708 <.001

RH Caud. Ant. Gngulate - 0.021 .003 0.0007 9 03954  0.3349 007

RH Precuneus -0.012 <.001 -001 <.001 05739 0.5313 <.001

RH Sup. Fontal -0.012 .004 -0.0041 3 03524 02877 01
Subcortical Volume  LHPutamen -36 01 -54 <.001 0.5122 0.4634 <.001

RH Putamen -33 <.001 -45 001 05856 05441 <.001

LHand RH are left and right hemisphere, Sup. denotes Superior, Rost. denotes Rostral, Ant. denotes Anterior.

reach statistical significance, potentially due to laclstatistical ~ areas of activation during simple motor tasks when compared

power from a smaller cohort of subjects with NDI scores. to HC subject$>16 After surgery, these same patients displayed
a smaller area of activation which correlated with neurickig

Age-Related Changesin Cortical Thickness Between CS improvement, and was comparable to the area of activation fo

and HCs the same task in HC subjecfs!® As with acute traumatic SCI

Last|y, CS patients demonstrated a greater degree ofajorticpatients, it is believed that this recruitment of other icakt
thinning with age (Figures). Both the left postcentral gryus areas is a compensatory mechanism designed to maintaio-neur
(P = .016) and precuneus (@ .028) showed a faster rate of logical fqnction in the face of diminished efferent and raffe
thinning. Additionally, the left and right putamen €°.002 and ~ connections.

P=.008, respectively) and the right precuneus (P09) showed Results from the current study support the hypothesis that
lower mean cortical thickness values in CS patients cordparechronic SCI related to cervical stenosis results in spesffiuc-

to HC subjects. For whole-brain mean cortical thickness, C$ural changes within the brain. CS patients displayed astens
patients had a faster rate of thinning (loss of 0.0069 mntiha) ~ Pattern of brain changes with associated clinical symptofns
HC (loss of 0.0036 mm/yr), and though not statistically ign Poth neurological function (mJOA) and neck pain (NDI), ngme

icant, the HC rate was comparable to the loss of 0.004 mm/y#lecreases in cortical thickness within precuneus and isuper
reported in a larger study by Lemaitre e3l. frontal regions, and decreased volume of the putamen. We als

observed cortical thinning in the anterior cingulate anslia,
and increasing atrophywithin BA3a and in primary motoraagi
DISCUSSION with worsening neurological symptom severity. Patient @S

also displayed a faster rate of cortical thinning and atyoith

SCl and Brain Changes ) i ;
. . . age compared to HC subjects. These are critically important
Recent studies have demonstrated that SCI can mducemtroprﬁnding& and could potentially have an impact on the under-

alterations of the supraspinal neural _network, and t_hat thgtanding of the pathogenesis of DCM and recovery following

extent of these changes can correlate with degree of nejigallo suraical int fi

oS : . gical intervention.

impairment. Hou et &f found in SCI patients that gray matter

volume reduction in the primary motor cortex significartyre- . . o .

lated with the American Spinal Injury Association motorrsco Primary Sensorlmotor Reorganization with

Using voxel-based morphometry, Freund &t determined that Neurological Symptoms

spinal cord atrophy following SCI was significantly coeteld The association between decreased cortical thicknesgwith

with degree of cortical atrophy. Moreover, in a separatelystu BA3a and increasing neurological symptom severity is aberst

Freund et &® established that SCI patientsthat had lower volumévith the role of BA3a in receiving afferent information reggg

change of the corticospinal tract at the level of the intezasule ~ Proprioception and motor actiofis, as CS patients with

had a significantly better neurological outcome than thvade ~ Myelopathy are known to have deficits in proprioceptfon

a higher volume loss. These investigations highlight some orelating to both gaft’ and hand functiort? While cortical

the upstream adaptations within the sensorimotor netweak t thickness in the precentral gyrus, in general, was not iatsdc

occur following traumatic SCI and their potentialimpactomth ~ With neurological impairment, subdivisions of the motaripst

functional status and recovery. (BAda and BA4p) appeared associated with changes in mJOA.
Comparatively less is known about the supraspinal alterati T his lack of widespread changes in the precentral gyrusscro

that occur as a result of chronic SCI associated with cemlisa  all patients likely reflects the variability in specific o deficits

disease. Unique patterns of task-based functional MRlaizih ~ across patients (ie, upper or lower extremity deficits) &melr

have been observed in DCM patients, who exhibited largefelation to reorganization within the motor cortex.
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Primary Sensory Conelation Between
Brodmann Areas Cortical Thickness

(Pearson’s )

-0.4 +0.4
Left Hemisphere  Right Hemisphere

BA3a BA3a - CS
2079 ANOVA 2.0+ )
o Group Factor = HC
1.8+ - P<0.0001**** 1.8+ o o © ANOVA
o ©

Group Factor

E
£
w
w
@
£
Y 1.64 1.64 P<0.0001****
= .
=
E 1.4
T + +
] +
S 1 2 mJOA
3 1.0 == NDI
E L] T L) L) L T L) L L L) - L] L L L) L) L] L L L L)
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
Distance from Lateral Segment (mm) Distance from Lateral Segment (mm)
T BA3b BA3b
g 207 ANOVA Zh ANOVA
< Group Factor Group Factor
2 1.8+ P=0.02* 1.8+ P=0.02*
£
L 1.64
£
-
T 1.4
3 +
g 2 —“"Jo‘A
g 1.0 NDI
E L) L) L) Ll L) L T T LE T .
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
Distance from Lateral Segment (mm) Distance from Lateral Segment (mm)
BA1 ANOVA BA1 ANOvA
2. Group Factor 2-67 Group Factor

P=0.1 P=0.0009"**

g

N

[l

2.0+

==

1's-—“"-’c"“
—ND|
L] L) L] L) T T L L) T L L) L] T L) L
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70O
Distance from Lateral Segment {(mm) Distance from Lateral Segment (mm)

Mean Cortical Thickness (mm)
-

1.6

BA2  anova BA2 ANOVA

Group Factor Group Factor
P=0.006"* P<0.0001****

[
g

g
-

2.0+

Mean Cortical Thickness (mm)
2

mJOA
15— T"—T T T T 1 NDI
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80 90
Distance from Lateral Segment {(mm) Distance from Lateral Segment (mm)
6 | VOLUMEO | NUMBERO | 2018 www.neurosurgery-online.com

Downl oaded from https://acadeni c. oup. conf neur osur gery/ advance-articl e- abstract/doi /10. 1093/ neur os/ nyy066/ 4934777
by University of California, Los Angeles user
on 10 April 2018



BRAIN CHANGESIN CERVICAL SPONDYLOSS

FIGURE 3. Cortical thickness as a function of distance in 1 cm segnaengss primary sensory Brodmann areas (BAs), indudirigA3a; B,
BA3b; C, BAL; andD, BA2. Values in plot reflect mean and 95% confidence interfea. CS patients and HC subjects. The x-axis is distance
from first segment, laterally to medially as illustratedtbe figures to the left, the y-axis is cortical thickness) atotted are the mean values for
each group. Displayed within each plot is the color-codedda correlation coefficient for the mJOA and NDI scoreéfiiiie mean cortical
thickness in each segment. For each BA, the P-value for thepGeffect in the 2-way ANOVA (group and distance) is disethySignificance
after Sidak-Holm correction is shown for group differer{désplayed above plotted values for the groups, denotedddy symbol) and Pearson’$
correlation with mJOA (displayed below the plotted valwestie groups and above the color-coded bars, denoted by tegribol); Pearsond
correlations with NDI showed no significant results.
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FIGURE 4. Cortical thickness as a function of distance in 1 cm segna@néss primary motor BA, including, BAd4a andB, BA4p.
Values in plot reflect mean and 95% confidence interval€rpatients and HC subjects. The x-axis is distance frotnségenent,
laterally to medially as illustrated on the figures to ttiig tbe y-axis is cortical thickness, and plotted are themvedues for each group|
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Structural Brain Changeswith Chronic Neck Pain may occur with worsening neck pain, which is consistent with
We hypothesized that CS patients would exhibit similaralte modern theories associated with chronic pain structuoadjesi-

ations in brain structure to those observed in other chronigation”* The ACC is known to be a key area in the central

pain conditions. Results from this study confirmed a deerea Sensitization in chronic pain, potentially acting by lotegm

in cortical thickness within the cingulate and insular ime¢  Potentiation;>>® and a decrease in gray matter within the ACC
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‘" P-value is significant the slopes differ between theigs) while if the “b” P-value is significant the intercepiferl between the groups.
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for each BA were imported to FreeSurfer and used to extracnnuertical
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surfaces.

Supplemental Digital Content 2. Figure. Regions demotisga strong associ-
ation between cortical thickness and mJOA in group patisitbsCS only. Red-
Yellow denotes increasing cortical thickness with indresnJOA score (better
neurological function). Regions with significant asstioias were identified in
the A, left superior frontal lobe, B, right superior frontalbe extending into the
anterior cingulate.

Supplemental Digital Content 3. Table. Multiple linearresgion of cortical
thickness and subcortical volume with mJOA and age, in thg@&p only. LH
and RH are left and right hemisphere, Sup. is Superior.

COMMENT

hisis a prospective cross-sectional study examiningtstralaeorga-
nization in the supraspinal neural network following chiomspinal
cord compression. Specifically, the authors looked forretations
between cortical thickness as well as subcortical volumeM&I and
neurological severity in patients with chronic spinal commpression
due to degenerative cervical myelopathy (DCM). Neurokgeverity

was defined using the mJOA and NDI as measures of neurdlogica
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function and neck pain, respectively. The authors obseceetical
atrophy in the precuneus and superior frontal regions, dsasthe
volume of the putamen, with worsening neurological diggtahd pain.
They also observed decreased thickness in the cingulatenanthr
cortices with poorer NDI score.

Previous work in this area has typically focused on acutaabpi
cord injury or assessing functional changes (using fMRIXfimonic
spinal cord compression rather than structural changeseidne, this

NEURO

BRAIN CHANGESIN CERVICAL SPONDYLOSS

study provides important new evidence towards widespreadges in
the neural-axis following spinal cord injury. However, tstady is not
designed to test the hypothesis of correlation betweemjhigjiand said
changes, which should be explored in the future.

Michael G. Fehlings

Muhammad Akbar
Toronto, Ontario

VOLUMEO | NUMBERO | 2018 | 11

Downl oaded from https://acadeni c. oup. conf neur osur gery/ advance-articl e- abstract/doi /10. 1093/ neur os/ nyy066/ 4934777

by University of California, Los Angeles user
on 10 April 2018





