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ABSTRACT

Objectives: To determine the relationship between functionainastivity using resting-state

fMRI and neurological impairment in patients witkreical spondylosis and healthy controls.

Methods: A total of 24 patients with cervical spondylosistiwor without myelopathy and 17
neurologically intact, healthy volunteer subjectre@prospectively enrolled in a cross-sectional
study involving observational MRI and evaluationr&urological function using the modified
Japanese Orthopedic Association (mJOA) score. ®esded connectivity and seed-to-voxel
connectivity were performed on fMRI data were perfed using a general linear model of

connectivity with respect to age and mJOA.

Results: Increased functional connectivity was observed wititreasing neurological
impairment in patients with cervical stenosis wittiensorimotor areas, including precentral
gyrus, postcentral gyrus, and supplemental motgions (SMA), using both seed-to-seed and
seed-to-voxel analyses. The anterior cingulate sdoimcreasing connectivity with the SMA,
thalamus and cerebellum with increasing neuroldgicaction. Similarly, the thalamus,
cerebellum, and putamen presented with increasingextivity to both the bilateral precuneus

and posterior cingulate with increasing mJOA.

Conclusions: Patients with cervical spondylosis exhibiting redagical impairment experience
similar changes in brain connectivity to patientghwchronic traumatic spinal cord injury.
Results suggest an increase in functional conngctiwithin sensorimotor regions with
increasing neurological impairment decreased cdivigcbetween the cerebellum, putamen,

and thalamus to the anterior and posterior cingudatwell as frontal lobe regions.



INTRODUCTION

Cervical spondylosis (CS) is a common occurrencergrthe middle aged and elderly
population, with an occurrence of around 80% in thial populatioh Cervical spondylotic
myelopathy (CSM), or spondylosis resulting in fuocal impairment, can occur with a wide
variety of symptoms including problems in gait, aoordination, and sensory changes. Static
and dynamic forces exerted on the spinal cord, galeith ischemia resulting from chronic
vascular insufficiency, can cause progressive $mioal damage in CSM patieAtsTherefore,
CSM is often considered a chronic condition that oasult in long-term degenerative changes
within the spinal cord.

As the fibers within the spinal cord originate erminate within the brain, injury to the
spinal cord can cause long-term changes in braintiion. Consistent with the hypothesis that
CS can alter brain function, studies using motak4aased functional magnetic resonance
imaging (fMRI) have revealed increased activatiathin cortical motor regions in patients with
CSM when compared to healthy contrdfs Studies in traumatic spinal cord injury patients
using resting-state functional magnetic resonamoaging (rs-fMRI), which leverages low
frequency oscillations of blood oxygenation levepdndent (BOLD) signal to measure patterns
of brain activity at rest, have suggested an oleedrease in functional connectivity in spinal
cord injury patients compared with neurologicalitaict participants; however, investigators
have also noted localized increases in connectbstyveen sensorimotor regions and subcortical
areas (e.g. thalamus) occurs in both subatUsad chronic injury®, presumably due to a need
for increased efferent drive or altered brain ptigtto compensate for injury to the cord.

In the current study, we extend our previous workdmking at differences in functional

connectivity in patients with CS with and withownttional impairment along with a cohort of
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neurologically intact participants. We hypothesiaat patients with CS will exhibit increasing
brain functional connectivity within sensorimotoretworks and decreased functional
connectivity between subcortical regions and frbltthe executive regions proportional to the

degree of neurological impairment.



METHODS
Patient Population

A total of 24 patients with cervical spondylosistiwior without myelopathy were
prospectively enrolled in a cross-sectional studolving observational MRI and evaluation of
neurological function. Patients were recruited framoutpatient neurosurgery clinic, and each
had at least moderate cervical stenosis on standardcal MRI, defined as no visible
cerebrospinal fluid signal around the spinal cdrtha site of maximal compression. All patients
signed Institutional Review Board (IRB) approvedsent forms, and all analyses were done in
compliance with the Health Insurance Portabilitg accountability Act (HIPAA). The cohort
included 19 males and 5 females, with a mean adg® gfears (range 40 to 80). The modified
Japanese Orthopedic Association (mJOA) score weth assa measure of neurological function.
The mean mJOA score for the patient cohort was (tarige 9 to 18). Of the 24 patients, 6 were
asymptomatic, while 18 presented with symptoms (madOA of 14.7, mean symptom duration
of 6 months). Asymptomatic patients initially pretsd with neck pain and were referred to the
outpatient neurosurgery clinic by their primaryecg@hysician to evaluate the cervical stenosis
visualized on their MRI of the spine. A cohort af deurologically intact, healthy control (HC)
volunteer subjects (11 males and 6 females withra@ee age of 40 years, range 25-62)
underwent the same MRI protocol for comparison.r&hgas a significant difference in age
between the groups (t-test, P<0.001), but not idybmass index (BMI, t-test, P=0.3) or sex

(Chi-squared test, P=0.Jatient and volunteer demographics are summaniz€dhle 1.

Resting-State fMRI Acquisition and Post-Processing



All functional MR images were collected on a Sies@&nisma 3T MR scanner (Siemens
Healthcare, Erlangen, Germany) with a repetitioneti(TR)=1500ms; echo time (TE)=30ms;
slice thickness of 4mm with no interslice gap; dieff-view (FOV) of 245mm with an
acquisition matrix of 162x81 (50% phase encode $iagjfor a voxel size of 1.5mm x 1.5mm X
4mm, interleaved acquisition; flip angle of 90°radkel imaging via CAIPIRINHA with a factor
of 4. Additionally, a 1mm 3D isotropic MPRAGE seque was acquired for alignment with
functional MRI data using standard acquisition pseters (TE=minimum, TR=1500-200ms,
inversion time (T1)=1100-1500ms, flip angle 8-19gdees, slice thickness = 1mm, FOV=25cm
and matrix size of 256x256).

The CONN Toolbox (https://www.nitrc.org/projectsied *° was used for functional

connectivity analysis of the brain, which implengehtnctions from the Statistic Parametric

Mapping (SPM,_http://www.fil.ion.ucl.ac.uk/spm/) dibox. Because rs-fMRI is interested in

low-frequency oscillations<{0.1Hz, but generally lower than 0.08Hz) and beeatss study
used a relatively fast TR (1500ms, or 1.5s), diiceng correction was not applied as previous
studies have suggested negligible effects on rstMBults'’. Functional realignment (motion
correction, 12 degrees of freedom) and unwarpiegjstration of functional data to the structural
volume, and registration of the structural volunsethe standardized space defined by the
Montreal Neurological Institute (MNI) averaged Ttaim ' was then performed using the
CONN pipeline. Segmentation of structural volumesgjich included skull stripping and
processing of tissue types (GM, WM, and CSF), wkea performed. Artifacts Detection Tool
(ART), an SPM package implemented in the CONN jieelwas used to remove signal
intensity spikes and fMRI volumes with excessivetioto from the scan, with thresholds for

signal intensity outliers set at 9 standard-deoraiabove or below the mean. A motion limit of
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2mm translation and 2° rotation in any directionsvadso enforced. Spatial smoothing of the
functional data was performed using an 8mm fulltividt half maximum (FWHM) Gaussian
kernel. For denoising, signal from the WM, CSF, amation parameters were regressed from the
functional data, as well as being processed withamad-pass filter of 0.008 — 0.09 Hz. The
bandpass filter was used to filter the signalshi tange of interest to resting-state fMRI and
reduce noise due to physiological effects, sucheapiration and pulsation, and noise due to

scanner drift.

Functional Connectivity Analysis

In order to evaluate associations between funatioonnectivity (FC) and neurological
symptom variable (mJOA), both ROI-to-ROI (also tethseed-to-seed) connectivity and ROI-
to-voxel (also termed seed-to-voxel) functional mectivity analyses were performed. ROI-to-
ROI analyses implemented general linear models (§Ldf the functional connectivity with
respect to the symptom variable of interest. Ags wa&luded as a covariate in the GLMs to
account for the effect of age on FC and the diffeeein age between the CS and HC groups.
Seed and target ROIs were selected including thidan cortex (IC), the superior frontal gyrus
(SFG), the middle frontal gyrus (MFG), the pre- grudtcentral gyri, the superior parietal lobule
(SPL), the supplementary motor area (SMA), therartand posterior cingulate (AC and PC,
respectively), the precuneus, the cuneus, thertheaand the putamen. These regions were
selected because of their well-documented functi@ctivations in patients with SCI with
regards to sensorimotor processiigand some of the regions showed structural aloerstin
patients with CS in a previous study Associations were evaluated between the fundtiona

connectivity and mJOA for all subjects (CS and Hend for mJOA within the CS cohort
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exclusively. Significance was set at P<0.05 (twaed) for the individual connections with a
false discovery rate (FDR)<0.05 based on the numb&rget regions.

Similar regions of interest were selected for ti@@H-voxel connectivity analyses. The
precentral gyrus, postcentral gyrus, the SMA, ti& #e precuneus, the SFG, the cuneus, the
thalamus, the putamen, and the cerebellum, weeetsel as seed regions. For all ROI-to-voxel
analyses, brain structures that were divided iatbdnd right in the atlas were seeded for both
sides and the main effect (equal weighting of 8.bdth structures in the GLM) was used in the
experimental design. For the cerebellum, the regiohthe Automated Anatomical Labeling
(AAL) *° cerebellar atlas, which is based on parcellatiohshe cerebellum created by

Schmahmanet al ©

, were used to seed the listed cerebellar regirdsiding the vermis (total

of 10) for both the left and right hemispheresgitee a total of 20 ROIs and a weighting of 0.05

per ROI for the main effect in the GLM. For all &ses, a P-value threshold of 0.05 was used
with two-sided tests. For each analysis there wiagah of 10 ROIs, and thus a value of 0.05/10
= 0.005 was used as FDR-corrected P-value thregbolduster size, wherein permutations of

cluster sizes were used to determine the neceskaster size so that the p-value for the cluster

was FDR-corrected at the level of 0.005.



RESULTS
ROI-to-ROI Results

When computing the association between mJOA andoFROI-to-ROI results, mJOA
presented with both negatively associated (incngasFC with worsening neurological
symptoms) and positively associated (decreasingvid worsening neurological symptoms)
connections. For mJOA, the bilateral pre- and pmdtal gyri, SMA, and SPL showed
decreasing connectivity with the posterior cingelathile the right putamen displayed increased
connectivity with the bilateral thalamus, the Ipfistcentral gyrus, and the left SPL, while the
right thalamus had a positive association withriget MFG (Fig. 1A). When assessing the ROI-
to-ROI connectivity within the CS cohort exclusiyelsimilar trends emerged: the putamen
displayed positive associations with the thalanansl left SPL, while the right thalamus showed
positive association with the left thalamus and tight MFG, while displaying a negative

association with the left and right postcentrali girg. 1B).

ROI-to-Voxel Results

For the ROI-to-voxel functional connectivity anas/smultiple of the seed regions
produced clusters where the functional connectiwgs significantly associated with mJOA
while accounting for age. For mJOA, results wheothithe overall groupT@ble 2), which
included HC subjects, and the group of CS patienty demonstrated significant results have
been displayed together side-by-side. The reswdte @rouped into sensorimotor cortical regions
(precentral gyrus, postcentral gyrus, SMAg. 2), and subcortical regions (thalamus, putamen,
cerebellumFig. 3). Additionally, regions that showed a significasisociation with mJOA only

in the group that included HC subjects are showa separate figurd-{g. 4; Table 3).
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ROI-to-Voxel Results: Sensorimotor Regions

For the sensorimotor regions, both the precentmlsgand postcentral gyrus displayed a
negative association between mJOA and FC (incrgabi@ with worsening neurological
symptoms) with the precuneus and posterior cingulat the left Fig. 2.A,B,D,E.i) and the
right (Fig. 2.A,B,D,E.j) hemispheres, which was similar across the HQudesdl and CS patients
only groups. The SMA displayed a larger area ofatigg association between mJOA and FC in
the precuneus and posterior cingulate for [Efg.(2.C,F.i) and right Fig. 2.C,F.j) hemispheres
in both groups in addition to a regions in the tighmary sensorimotor cortex and superior
frontal gyrus in both groupd={g. 2.C,F.I), and a region in the left superior frontal gyf&sg.
2.F.m) and left anterior cingulaté=(g. 2.F.n) in the CS patients only group. Additionally, the
SMA showed a positive association (increasing F@ wicreasing mJOA) with the anterior

cingulate when including HC&ig. 2.C.k).

ROI-to-Voxel Results: Subcortical Regions and Additional Regions

For the subcortical seeds, both the thalamus arebelbum displayed clusters with a
negative association between mJOA and FC (incrgaBi@ with worsening neurological
symptoms), particularly with the lefEi{g. 3.m) and right Fig. 3.n) precentral and postcentral
gyri in both the HC Included and CS patients ongups. The thalamus and cerebellum also
presented with a significant positive associatidac(easing FC with worsening neurological
symptoms) with the anterior cingulate, which wagyéa for the thalamusF{g. 3.A,D.] and
A,D.l,) than for the cerebellunFig. 3.C,F.,j andF.l) for both groups. Additionally, all three

structures (the thalamus, cerebellum, and putanpeayented with a significant positive
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association between mJOA and the bilateral preciaed posterior cingulatéig. 3.i,k) for
both groups. The Putamen displayed a large pobkitiassociated area around the pre- and
postcentral gyriKig. 3.B,E.o andB,E.p, respectively).

For the additional cortical areas that showed assons only in the HC Included group,
the superior frontal gyrus (SFG) displayed a negatissociation between mJOA and FC
(increasing FC with worsening neurological symptpmwith the left anterior cingulateF(g.
4.A.i)) and with the right SMA and precentral gyrddd. 4.A.j). The precuneus displayed a
negative association with the left and right préi@@rand postcentral gyriF(g. 4.B.k andB.j,

respectively).
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DISCUSSION

There has been an increasing interest in the @wsterebral functional alterations that
are induced within the motor network as a respaasspinal cord injury and their influence on
disease pathogenesis and recovery. This phenomgoes not appear to be limited to any
specific pathological process, as it has been testin both spinal cord injury caused by both
acute trauma, and cervical degenerative diseaderafibns in cerebral functional activation
have been observed in patients following traum&t, where a host of sensorimotor regions
have been reported as showing increased activationg functional tasks in fMRI studiéd

Our previous studies utilizing task-based fMRI iBN patients similarly demonstrated
increased areas of cortical activation in simpléantasks, such as dorsiflexion of the ankle and
finger pinching®* This increased area of activation was postuldtede a compensatory
mechanism designed to preserve neurological fumcas a result of spinal cord injury
downstream within the motor network. The corticapresentation maps reorganized after
surgical decompression towards normal patternschwiparalleled neurological recovery,
reinforcing the idea that the increased activatiolume is a compensatory mechanism, which
may be developed into measure of plasticity to guiteurosurgical intervention. While
functional activation fMRI can be used to inferat@nships between regional brain function and
a particular task, resting state fMRI examines ldve-frequency oscillation of brain regions at
rest. One way to use this activity at rest is t@ameke the associations between patterns of
activity across different brain regions, termedchional connectivity, which yields measures of
brain plasticity and functional organization. Totalaresting-state fMRI studies have shown
increased functional connectivity between sensdwemacortical and subcortical regions

following traumatic spinal cord injury’®*’
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As alterations in cortical activation in CSM patieihad already been established by our
previous work, the present study sought to gaith&irinsight into the dynamic process of neural
plasticity by assaying the specific cortical andartical connections associated with CSM
pathogenesis. The results from the current studycate an overall increase in functional
connectivity with worsening neurological symptomsJQOA score) across sensorimotor regions.
Additionally, results suggest involvement of suppémtary areas, namely the precuneus,
superior frontal gyrus, and anterior cingulate,ahhihave been shown to be structurally altered in
previous studies”. These results are also consistent with electeggmiography studies
demonstrating larger cortical networks involvedniotor volition in patients with spinal cord
injury compared with healthy control&'® further supporting the hypothesis that there ieed
for increased brain plasticity in patients withregdicord injury in order to overcome functional

deficits.

Associations Between Functional Brain Measurements and Symptoms

For the primary sensorimotor structures, increab€d with worsening neurological
function (decreasing mJOA score) was seen for thee pnd post-central gyri, and the
supplementary motor area (SMA), to the regions h& precuneus and posterior cingulate.
Additionally, the thalamus and cerebellum displaystbng increasing FC with worsening
neurological symptoms to the pre- and post-cergsai, but displayed increased functional
connectivity to areas of the posterior cingulatel gmmecuneus and to areas of the anterior
cingulate and superior frontal gyrus. The precurghmved an increasing FC with worsening
neurological symptoms to the pre- and post-cemgyel though this was seen only in the group

that included both HC subjects and CS patientsy @ré putamen demonstrated a decreasing
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relationship of FC to neurological symptoms to pie- and post-central gyri. The putamen also
showed decreased FC to the precuneus and postergoiate. Similar patterns of FC were seen
for both the CS-only and HC-included groups, whilkan indication that age was successfully
accounted for as a covariate in the GLMs and thatpatterns are robust to inclusion of HC
subjects in the analysis.

Similar to the hypothesized role of increased avéaactivation found in functional
activation studies in CSM* and SCI patients$®, the increased functional connectivity with
worsening neurological symptoms between primary atosensory cortex and supplementary
areas (precuneus, thalamus, cerebellum, and supendal gyrus) may indicate some form of
compensatory mechanism for the difficulty to accbshp motor tasks. This hypothesis is
supported by a study in CSM patients performed lgbHleket al, where functional activation
increases were not limited to primary sensorimotatex, but were found in the supplementary
motor area, anterior cingulate, thalamus, basablgmnand cerebellur®. These areas were
ostensibly recruited to assist the primary sensamomcortex in accomplishing motor tasks. This
is reflected in the increased connectivity betwdmse regions in the present study, where all the
above regions show increased connectivity with @woirsg neurological symptoms to regions of
the primary sensorimotor cortex, except for theapmén. This may be due to the inhibitory
function of the putamen in motor planning and exiecLt*?? indicating that the decreased FC
with symptom severity exhibited by CS patients dades decreased inhibition of motor
movements, which complements the increased FC iseether sensorimotor regions. Another
relevant study evaluated positron emission tomdgray the resting cerebral metabolic rate of

glucose metabolism in patients with spinal cordunyj and found relatively increased
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metabolism in the supplementary motor area, thermmtcingulate, and the putamé&h all of

which were shown to functionally altered in thereat study.

Clinical Relevance of Functional Connectivity Measurementsin CSM Patients

In SCI patients, the complex relationship betweencfional impairment, disease
progression, and neurological recovery extendséyond the spinal cord, and more study is
required that investigates the role of the entiiSCCervical SCI has been associated with long-
term reorganization and plasticity of the motor tewr that parallels recovery of finger
dexterity*?> with increased expression of GAP-43 mRNA in tbetical areas involved in the
functional recovers??’. Task based fMRI studies involving SCI patientghvimpairment of gait
function have demonstrated primary motor area sgmation for the foot expanded into the
proximal leg and paraspinal representatf8nAs control of their lower extremity function
improved through rehabilitation, the extent of mat activation decreased and resembled
normal control subjects. This is consistent wittke taforementioned decreases in cortical
representation encountered in CSM patients follgvgargical intervention that correlated with
neurological recovery:®
Thus, the upstream cerebral alterations that adocooncert with spinal cord injury and recovery
represent an emerging area of investigation wigmiScant clinical relevance. FC provides
additional information to cortical activation redarg the overall health of the entire
sensorimotor network, and if validated with futwidy, could serve as a potential imaging
biomarker in CSM patients. FC has already beeruatad in this capacity in the SCI population
as increased resting-state FC between the primatgrngortex and SMA and premotor cortex

has been associated with a good prognosis folloi@it?®. There is a distinct need to develop
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noninvasive imaging techniques to better predidc@me following surgical intervention for
CSM, and cerebral biomarkers have been understudiethis purpose, but appear to offer

promise.

CONCLUSION

Patients with cervical spondylosis with neurologio@pairment experience similar
changes in brain connectivity to patients with cicaraumatic spinal cord injury. The results
suggest an increase in functional connectivity witesensorimotor regions with increasing
neurological impairment decreased connectivity leetwthe cerebellum, putamen, and thalamus

to frontal lobe regions.
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FIGURE CAPTIONS

Fig. 1: (A) Correlation between ROI-to-ROI functional cootieity and mJOA for both CS

patients and healthy controls. (B) Correlation kestv ROI-to-ROI functional connectivity and
mJOA for CS patients only. Colors denotes valuéhef T-statistic, yellow-red denotes positive
association (decreasing connectivity with worsenmagirological symptoms), light blue-blue
denotes negative association (increasing connsgctivith worsening neurological symptoms).

Position of ROIs displayed on midsagittal and migabslices.

Fig. 2: Brain surface display of associations betweentfanal connectivity (FC) and mJOA

based on seeding of sensorimotor cortical regidisplayed on representative MNI brain slices
in green) for group including HC subjects (left}dagroup consisting only of patients with CS
(right): A) and D) precentral gyrus, B) and E) mesttral gyrus, C) and F) supplementary motor
area (SMA). Blue-light blue denotes negative asdmri between mJOA and FC (increasing FC
with worsening neurological symptoms) which occdnrethe precuneus and posterior cingulate
for the left (i) and the right (j) hemispheres, regions of the left (I) and right (m) primary

sensorimotor cortex, and left superior frontal gy($FG, n). Red-yellow denotes a positive

association (increasing FC with increasing mJOAjiclv was seen in the anterior cingulate (k).

Fig. 3: Brain surface display of associations betweentfanal connectivity (FC) and mJOA
based on seeding of subcortical regions and cévebétlisplayed on representative MNI brain
slices in green) for group including HC subjectdtfland group consisting only of patients with

CS (right): A) and D) thalamus, B) and E) putamé&py,and F) cerebellum. Blue-light blue
22



denotes negative association between mJOA andré@eésing FC with worsening neurological
symptoms) which presented in the precentral anttposal gyri (m and n). Red-yellow denotes
a positive association (increasing FC with incregsnJOA), which was seen in the left and right
anterior cingulate (j and I, respectively), lefdaight precuneus and posterior cingulate (i and Kk,

respectively), as well as around the pre- and postal gyri (0 and p).

Fig. 4. Brain surface display of associations between tfanal connectivity (FC) and mJOA
based on seeding of cortical regions (displayedepresentative MNI brain slices in green) that
only produced significant associations with the rallegroup that included HC subjects: A)
superior frontal gyrus (SFG), B) precuneus. Blggtliiblue denotes negative association between
mJOA and FC (increasing FC with worsening neuraalgsymptoms) which occurred in the left

cingulate (i) and the left and right precentralup/and SMA (k and j, respectively).
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Table 1. CS patients and HC subjects cohort demographrasftMRI. Differences from Table

2.1 are due to the exclusion of two CS patients.

Subj ect N |Age (mean | Sex BMI (mean | mJOA (mean | NDI (mean
Population years +/- SD) +/- SD) +/- SD) +/- SD)

CS Patients 24 60x10years 19M/5F 27.0x62 .512.8 9.6 +£10.6
HC Subjects 17| 41+13years 11IM/6F 26.2+3.0 18




for combined group of CS patients and HC subjects, accounting for age.

Table 2. Significant clusters from ROI-to-voxel FC analysis association between FC and mJOA

Cluster Cluster Cluster Cluster
Seed ROI Number | (x,y,2) Size (mL) P-FDR T-Value
PreCG 1 (28, -68, 2) 10.45 0.00003 -6.03
PostCG 1 (6, -82,-32) 10.28 0.00003 -6.77
SMA 1 (-30, -64,-40) | 6.29 0.00002 -8.05

2 (-6, -52, 44) 5.69 0.00002 -4.70

3 (16, -36, 16) 2.81 0.0006 8.49
SFG 1 (-14, -24, 80) 391 0.0004 -4.30
Precuneus 1 (-36, -26, 50) 7.65 0.00003 -4.16
Thalamus 1 (26, -14, 0) 11.30 0.00003 6.65

2 (4, -24, 60) 4.09 0.00004 -3.74
Putamen 1 (22, -58, -32) 9.38 0.00001 7.52

2 (-50, 42, 28) 7.82 0.00001 5.32

3 (24,0, 76) 3.85 0.00004 4.68
Cerebellum |1 (34,-10, 14) 16.65 0.00002 -4.44

2 (38, -66, 0) 4.94 0.00003 -5.58

3 (18,8, 8) 434 0.00005 8.69




for group of CS patients only, accounting for age.

Table 3. Significant clusters from ROI-to-voxel FC anaysis, association between FC and mJOA

Cluster Cluster Cluster Cluster
Seed ROI Number | (x,Y, 2) size (mL) p-FDR T-Value
PreCG 1 (2,-34,8) 6.03 0.00005 -6.13
PostCG 1 (-18, -40, 40) 7.36 0.00004 -6.47
SMA 1 (-2, 32, 50) 249 0.003 -4.76

2 (24, -6, 46) 2.38 0.003 -4.18
Thalamus 1 (24,-14,0) 12.92 0.00002 7.34

2 (-34, -20, -58) 6.69 0.00002 -4.04
Putamen 1 (-8, -42, 22) 10.38 0.00002 7.80

2 (-44, -4, 34) 6.04 0.00002 5.30
Cerebellum |1 (18,-18, 74) 14.76 0.00002 -4.67

2 (18, 8, 8) 8.08 0.00002 5.83
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HIGHLIGHTS

» Patients with cervical spondylosis exhibiting neurological impairment demonstrate an
increased functional connectivity within sensorimotor areas.

» Patients with cervical spondylosis exhibit increased functional connectivity between the
anterior cingulate and SMA, thalamus, and cerebellum with increasing neurologica
function.

» Areasof the thalamus, cerebellum, and putamen present increasing functional
connectivity with the bilateral precuneous and posterior cingulate with increasing mJOA

score in patients with cervical spondylosis.



ABBREVIATIONS:

AAL = automated anatomic labeling

AC = anterior cingulate

ART = artifacts detection tool

BOLD = blood oxygen level dependent

CAIPIRINHA = controlled aliasing in parallel imaging results in higher acceleration
CS = cervical spondylosis

CSF = cerebrospinal fluid

CSM = cervica spondylotic myelopathy

FC = functional connectivity

fMRI = functional magnetic resonance imaging

FOV = field of view

FWHM = full width half maximum

GLM = general linear model

GM = gray matter

HC = healthy control

HIPAA = Hedlth Insurance Portability and Accountability Act
IC = insular cortex

IRB = institutional review board

MFG = middle frontal gyrus

mJOA = modified Japanese Orthopedic Association score
MNI = Montreal Neurological Institute

MPRAGE = magnetization prepared rapid gradient echo



PC = posterior cingul ate

rs-fMRI = resting-state functional magnetic resonance imaging
ROI = region of interest

SPM = gtatistical parameter mapping

SPL = superior parieta lobule

SMA = supplementary motor area

SFG = superior frontal gyrus

TR = repetition time

TE = echo time

WM = white matter
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