Association Between Facet Fluid on Supine Axial T2-Weighted MRI
and Sagittal Instability on Dynamic Standing Lateral Radiographs in
Patients with Degenerative Lumbar Disease

Abstract:
StudyDesign:ProspectiveobservationalstudyconductedatalargetertiarycarecenterinKarachi,Pakistan.

Purpose: ToexaminetheassociationbetweenpositivefacetfluidonT2-
weightedMRIoflumbosacralspineandthepresenceofinstabilityonlateralflexion/extensionradiographs,andtodeterminew
hetheracorrelationexistsbetweenthequantityoffacetfluidonaxialMR Iandthedegreeofspinalinstabilityonlateralstandingf

lexion/extensionradiographs.

Overviewofliterature: Thepresenceofincreasedfacetfluidonaxial T2-
weightedmagneticresonanceimaging(MRI)hasheenproposedasapotentialmarkerformotionsegmentinstabilityinthelum
barspine.BothfacetfluidonMRIandspinalinstabilityondynamicx-

raysarecrucialindiagnosingandmanaginglowbackpain,guidingdecisionsonsurgicalinterventions.

Methods:Weanalyzedtheprospectivelycollecteddatafrompatientsmeetingtheinclusioncriteria. Facetfluidmeasurements
weremadeaccordingtoSchinnerer'scriteriaonaxial T2-
weightedimagesandanteriortranslationasamarkerofinstabilitywasevaluatedondynamicradiographsforalleligiblepatient
s.StatisticalanalysiswasperformedusinglBMSPSSversion23,employingcross-tabulations,chi-
squaretests,andPearsoncorrelation. Thestudyutilizedanullhypothesistoevaluatetheassociationbetweenfacetfluidandspi

nalinstability.

Results:



OurfindingsdemonstratedastatisticallysignificantassociationbetweenpositivefacetfluidonMRIandtheoccurrenceofinst
abilityonlateralflexion/extensionradiographs.Moreover,wefoundastrongpositivecorrelationbetweenthevolumeoffacetf

luidonaxialMRIandthelevelofspinalinstabilityonstandingflexion/extensionradiographs.

Conclusion:

Basedupontheseoutcomes,weproposethatstandinglateralflexion—
extensionradiographsshouldberoutinelyadministeredtopatientsexhibitingincreasedfacet
fluidsignalsonMRI,astheymayprovidevaluableinformationregardingpotentialspinalinstability. Furtherresearchwillhelp

establishtheclinicalutilityofthisapproachinmanagingdegenerativelumbardiseases.
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Introduction:

Mechanicalbackpaincausedbysegmentalspinalinstabilityisacommonclinicalcondition.Spinalinstabilityreferstoabnorm
almovementbetweentwoormorevertebraeinthespine,whichcanresultfromvariousconditionssuchastrauma,degenerative

changes,and[afterspinaIsurgery(.SeveraIradiologicalparameters,includingstaticanddynamiclumbosacralspinex-

rays,MRI,3-

Dcomputedtomography,andprovocativediscography,aresuggestedfordetectingmotionsegmentinstability.

Traditionally,instabilityofthelumbosacralspinewasdiagnosedwithflexion/extensionx-rays.However,MRlisusually
theinitialinvestigationforpatientswithbackpain,evaluationoffacetfluidcanprovideacluetospinalinstability.Facetjoints, |
ocatedbetweenthesuperiorandinferiorarticularfacetsofthetwovertebralbodies,helpstabilizethespineandallowformovem

enft.L‘SignalchangesonMR linthefacetjointcanbeseeninaspectrumofinflammatoryordegenerativejointdiseases,includingo

steoarthritis,facetjointsyndrome,andspinalstenoslis.\

WhenapatientwiththisconditionliessupineduringanMRIexamination,theunstablelumbarspinalsegmentisunloadedandc
anreduceposteriorly,producingagapwithinthedegeneratedfacetjoint. Fluidthataccumulatesinthisgapcanbedetectedasah
yperintensesignalonT2-

weightedMR Isequences.*?However evenasymptomaticindividualsmayhavethesefindings,anditisunclearwhetherincre

asedfacetfluidisareliablemarkerofmotionsegmentinstabiIiM(Z, 5-8)\

FacetfluidonMRIandspinalinstabilityondynamiclumbosacralx-
raysaretwoimportantinterrelatedfindingsintheevaluationoflowbackpain,providingvaluableinformationforthediagnosis
andmanagement,suchastheneedforsimpledecompressionversusbrthrodesis.(g,

10)[Therefore,weconductedthisstudytoanalyzetheassociationbelweenincreasedlumbarfacetﬂuiddetectedonsupineMRI

andsagittalinstabilitydetectedondynamicradiographsinpatientswithdegenerativelumbardisease.
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Thenullhypothesesforthisstudywerethat,thereisnoassociationbetweenincreasedfacetfluidonaxialimagesofsupineMRIa
ndsagittalinstabilitydetectedonstandinglateralflexion/extensionradiographsinpatientswithdegenerativelumbardisease,
andthatthereisnocorrelationbetweentheamountoffacetfluidonMRIandthegradeofspondylolisthesisonflexion/extension

radiographs.

Materials andMethods:

EthicsStatement: AlladultparticipantsprovidedwritteninformedconsentbeforeundergoinglumbarspineMRIanddynamic
flexion/extensionradiographs. ThestudyadheredtotheDeclarationofHelsinkiprinciples,andpatientconfidentialitywasstri

ctIymaintained.[Proper approvalwas taken from the hospital'sethicalreviewcommittee.\

StudyDesign:Prospectiveobservationalstudyconducted at

oneofthelargesttertiarycarecentreinKarachi,PakistanfromJanuary2020toJune2021,withprospectivedatacollection.

ThestudyincludedadultpatientswhounderwentlumbarspineMRIwithsignsandsymptomsofbackpain,withorwithoutlum
barradiculopathy,andhaddegenerativespinaldiseaseonMRIofthelumbosacralspine.Patientswithspinalfractures,spinalin
fection,spinaltumor,deformity,orskeIetaldyspIasiaandthosewhohavepreviousIyunderwentspinalsurgerywereexcluded\.

Allpatientsmeetingtheinclusioncriteriaunderwentdynamicflexion/extensionradiographs

Thefacetfluidwasmeasuredonaxial T2-
weightedimagesusingSchinnerercriteria(11),withjointeffusiongreaterthanlmmconsideredasincreasedfluid. AlIMRIsca
nswereperformedon3TToshibaAtlasExcel ARTVantageMRImachine.Aqualifiedradiologistwithfellowshipdegreeanda

tleastfiveyearsofpost-fellowshipexperienceinneuroradiologyinterpretedtheimages.

Thepresenceorabsenceofsegmentalinstabilitywasassessedontheweight-
bearing(standing)flexion/extensionviewsoflumbarradiographsofthesamepatients. Instabilitywasdefinedonweight-
bearingflexion/extensionviewsasanteriortranslationofthesuperiorvertebraovertheinferior(measuredinmillimeters)onla

teralflexion/extensionradiographs.

IBMSPSSversion23wasusedforstatisticalanalysis.Cross-tabulationsandchi-

squaretestswereusedtoanalyzethestatisticallysignificantassociationbetweenpositiveandnegativefacetfluidonMR landth
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epresenceorabsenceofinstabilityonradiographs,withp-
valueof<0.05consideredsignificant.Pearsoncorrelationwasusedtoanalyzethecorrelationbetweentheamountoffacetfluid
onMRIandthegradeofspinalinstabilityonradiographs. Agewaspresentedasmean+S.D,andfrequencieswereshownonhist

ogram.

Weusedthenullhypothesistoacceptorrejectourhypothesisthatthereexistsanassociationbetweenincreasedfacetfluiddetect
edonaxial T2-weightedimagesanddynamicweight-
bearingflexion/extensionviewsandthereiscorrelationbetweentheamountoffacetfluidonMR landthegradeofspondylolist

hesisonflexion/extensionradiographs.

Results]

Inourstudy,totalof216patientsparticipated,comprising91malesand125females. Themeanagewas58.99years(S.D10.28),

rangingfrom33to84years. ThedistributionofagefrequenciesisillustratedinFigurel.

Exaggeratedfacetfluid(>1mm)wasdetectedonMR Ilumbosacralspineof93patientswhowerelabelledaspositive,while123
patientswerelabellednegative. Amongthe93patientswithincreasedfacetfluidonMRIaxial T2-
weightedimages,onlyl4exhibitedinstabilityonsupinesagittalMR lofthelumbarspine.However,onflexion/extensionview

softhesamepatients,58showedsignsofspinalinstability.

Conversely,amongthe123patientswithoutincreasedfacetfluidonMR laxial T2-
weightedimages,nonedisplayedinstabilityonsupinesagittalMRIofthelumbarspine.Onflexion/extensionviewsofthesepat

ients,12werepositiveforspinalinstability.

Cross-

tabulationstatisticsindicatedsignificantassociationbetweenpositivefacetfluidonMR Iandthepresenceofinstabilityonradi
ographs, leadingustorejectnullhypothesisno.1(TablelandTable2).Furthermore,uponanalyzingpearsoncorrelation,ourre
sultsdemonstratedstrongpositivecorrelationbetweentheamountoffacetfluidonaxialMRlandthegradeofspinalinstability

onstandingflexion/extensionradiographs.lConsequently,werejectednuIIhypothesisno.Z](TabIe3).
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Discussion:

Backpainisaprevalentclinicalconditionoftenattributedtosegmentalmotioninstability. Factorssuchasintervertebraldiscde
generationandlumbarfacetjointdegenerationareknowncontributorstospinalinstability,whichcandevelopovertime.(12) T
helumbarspinalsegmentfunctionsasacohesiveunitwheretheintervertebraldiscandfacetjointsworktogethertoprovidestab
ilityandwithstandspinalstresses.
InabiomechanicalstudybyAdamsandHutton,(13)thelumbarfacetjointswereidentifiedascrucialinlimitingmotionbetwee
nvertebraeandsafeguardingintervertebraldiscsfromexcessiveforcesduringflexion,rotation,andshear. Axial T2-
weightedimageshavebeenutilizedtodetectsegmentalmotioninstability,althoughitisrecognizedthatdynamicslipmaybere
ducedinthesupineposition,potentiallymaskingspondylolisthesisduringsupineMRI.

Kirkaldy-Willisoutlinesthree-

phasemodelfordegeneratidn.[Theinitialphaseinvolvesdysfunctionindiscoligamentousstructureswithminimalanatomical

alterations. Thesubsequentphaseischaracterizedbyrelativeinstability, markedbyreduceddischeight,laxityinfacetcapsule
sandligaments,andarticularchanges,potentiallyresultinginexcessivetranslationalandrotationalmovement.Furtherdegen
erationinthisstageleadstoincreasedrigidityandstabilizationthroughosteophyteformationandfibrosis. Theoretically,asde
generationprogressesfrominstabilitytorestabilization,thereshouldbeadeclineinfacetjointeffusion.(14)
Increasedfacetfluidonaxial T2-
weightedimageshasheenproposedasapotentialmarkerofinstability,suggestingitsutilityinrecommendingspinalarthrodes
)Chaputetal.,(16)Schinnereretal.,(ll)ChoetaI.,(17)andbthers,(18,

19)\havehighIightedtheassociationbetweenfacetfluidonM Rlandspinalinstability,particularlyincasesofdegenerativespo

ndylolisthesis.ThestudybyRihnetal.(5)identifiedcloselinearrelationshipbetweenthepresenceoffacetfluidandthedegreeo
finstability,highlightingthepotentialutilityofMRIfindingsasindicatorsoflumbarinstability. Thefindingsalsorevealedthat
thepresenceoffacetfluidonMRIservesasareliablepredictorofradiographiclumbarinstability,boastingrelativelyhighpositi
ve(82%)andnegative(83%)predictivevalues.
WeutilizedcriteriabyShinnereretal.(11)todocumentpresenceofabnormalfluidsignalswithinthefacetjoins. TheShinnererc
riteria(18)formeasuringfacetfluidinvolveddetailedassessmentofaxialMR limages, focusingspecificallyonthepresenceof
increasedfluidwithinthefacetjoints.Eachfacetjoint(leftandrightsidesseparately)wasexaminedindependently.Jointwasc

onsiderednormaliftheamountoffluidpresentwasnomorethanwhatwasdeemedphysiologic,definedasafluidsignalmeasuri
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nglessthanlmillimeterbetweenthearticularprocesseswhenmeasuredasastraightlineperpendiculartothejointline. Iftheobs
ervedfluidexceededthisthresholdof1millimeter,itwasclassifiedasabnormalor"exaggerated."(Figure2) Thepresenceorab
senceofsegmentalinstabilitywasassessedontheweight-
bearing(standing)flexion/extensionviewsoflumbarradiographsofthesamepatients. Instabilitywasdefinedonweight-
bearingflexion/extensionviewsasanteriortranslationofthesuperiorvertebraovertheinferioronlateralflexion/extensionrad
iographs.AnterolisthesiswasquantifiedinmillimetersateveryvertebrallevelspanningfromL1-2toL5-
S1.Themeasurementofanterolisthesiswasconductedfromtheposteriorinferiorcornerofthesuperiorvertebratotheposterio

rsuperiorcorneroftheinferiorvertebra.(Figure3)

OurstudyrevealedasignificantassociationbetweenlumbarfacetfluiddetectedonaxialMR landradiographicinstabilityobse
rvedonstandingflexion/extensionlumbarradiographsinpatientswithdegenerativelumbardisease. Wealsofoundastrongpo
sitivecorrelationbetweentheamountoffacetfluidonaxial T2-
weightedMRIlandthegradeofspinalinstabilityonlateralflexion/extensionradiographsinstandingposition.
Strengthsofourstudyincludeitsprospectivedesignandstringentinclusioncriteria.Limitationsincludethelackofrandomizat
ionandrelativelysmallsamplesize.Pendingfurtherdata,werecommendconductingstandinglateralflexion—
extensionradiographsforallpatientsshowingincreasedfacetfluidsignalonMRI.Aprospectiverandomizedtrialcouldprovi

demoreconclusiveevidence,althoughconductingMR Ionasymptomaticindividualsposeschallenges.

Conclusion:
Inconclusion,ourstudyunderscoressignificantrelationshipbetweenlumbarfacetfluididentifiedonaxialMRlandradiograp
hicinstabilityobservedonstandingflexion/extensionlumbarradiographsamongpatientswithdegenerativelumbardisease.
Furthermore,weobservedapositivecorrelationbetweenthequantityoffacetfluidonaxial T2-

weightedMR landthedegreeofspinalinstabilityonlateralflexion/extensionradiographsinastandingposition.Strengthsofo
urinvestigationincludeitsprospectivenatureandrigorousinclusioncriteria,whichenhancethevalidityofourfindings.Howe
ver,limitationssuchastheabsenceofrandomizationandarelativelysmallsamplesizeunderscoretheneedforfurtherresearch.
Weadvocatefortheroutineuseofstandinglateralflexion—
extensionradiographsinpatientsexhibitingelevatedfacetfluidsignalonMRI,astheymayprovidevaluableinformationregar
dingpotentialspinalinstability.Furtherresearchwillhelpestablishtheclinicalutilityofthisapproachinmanagingdegenerati

velumbardiseases.



References:

1. Vitzthum H-E, Konig A, Seifert V. Dynamic examination of the lumbar spine by using vertical,
open magnetic resonance imaging. Journal of Neurosurgery: Spine. 2000;93(1):58-64.

2. Haughton VM, Rogers B, Meyerand ME, Resnick DK. Measuring the axial rotation of lumbar
vertebrae in vivo with MR imaging. American journal of neuroradiology. 2002;23(7):1110-6.

3. Ochia RS, Inoue N, Renner SM, Lorenz EP, Lim T-H, Andersson GB, et al. Three-dimensional in
vivo measurement of lumbar spine segmental motion. Spine. 2006;31(18):2073-8.

4, Jinkins JR, Dworkin J. Proceedings of the State-of-the-Art Symposium on Diagnostic and

Interventional Radiology of the Spine, Antwerp, September 7, 2002 (Part two). Upright, weight-bearing,
dynamic-kinetic MRI of the spine: pMRI/kMRI. JBR-BTR: Organe de la Societe Royale Belge de Radiologie
(SRBR)= Orgaan van de Koninklijke Belgische Vereniging Voor Radiologie (KBVR). 2003;86(5):286-93.

5. Rihn JA, Lee JY, Khan M, Ulibarri JA, Tannoury C, Donaldson WF, 3rd, et al. Does lumbar facet
fluid detected on magnetic resonance imaging correlate with radiographic instability in patients with
degenerative  lumbar  disease?  Spine.  2007;32(14):1555-60. Epub  2007/06/19.  doi:
10.1097/BRS.0b013e318067dc55. PubMed PMID: 17572627.

6. Bridwell KH, Sedgewick TA, O'Brien MF, Lenke LG, Baldus C. The role of fusion and
instrumentation in the treatment of degenerative spondylolisthesis with spinal stenosis. Clinical Spine
Surgery. 1993;6(6):461-72.

7. Herkowitz HN, Kurz L. Degenerative lumbar spondylolisthesis with spinal stenosis. A prospective
study comparing decompression with decompression and intertransverse process arthrodesis. JBJS.
1991;73(6):802-8.

8. Mardjetko S, Connolly P, Shott S. Degenerative lumbar spondylolisthesis: a meta-analysis of
literature 1970-1993. Spine. 1994;19(20):22565-65S.
9. Ben-Galim P, Reitman CA. The distended facet sign: an indicator of position-dependent spinal

stenosis and degenerative spondylolisthesis. The Spine Journal. 2007;7(2):245-8.

10. Blumenthal C, Curran J, Benzel EC, Potter R, Magge SN, Harrington JF, Jr., et al. Radiographic
predictors of delayed instability following decompression without fusion for degenerative grade | lumbar
spondylolisthesis. Journal of neurosurgery Spine. 2013;18(4):340-6. Epub 2013/02/05. doi:
10.3171/2013.1.spine12537. PubMed PMID: 23373567.

11. Schinnerer KA, Katz LD, Grauer JN. MR findings of exaggerated fluid in facet joints predicts
instability. Clinical Spine Surgery. 2008;21(7):468-72.

12. Jang SY, Kong MH, Hymanson HJ, Jin TK, Song KY, Wang JC. Radiographic parameters of
segmental instability in lumbar spine using kinetic MRI. Journal of Korean Neurosurgical Society.
2009;45(1):24.

13. Adams MA, Hutton WC. The mechanical function of the lumbar apophyseal joints. Spine.
1983;8(3):327-30.

14. Kirkaldy-Willis W. Presidential symposium on instability of the lumbar spine: introduction. Spine.
1985;10(3):254.

15. Mailleux P, Ghosez J, Bosschaert P, Malbecq S, Coulier B. Distension of the inter-facet joints in
MRI: and indirect sign of an existing underestimation of spondylolisthesis and canal stenosis. Journal
Belge de Radiologie. 1998;81(6):283-5.

[Comment [H13]: Correct the front used here }




16. Chaput C, Padon D, Rush J, Lenehan E, Rahm M. The significance of increased fluid signal on
magnetic resonance imaging in lumbar facets in relationship to degenerative spondylolisthesis. Spine.
2007;32(17):1883-7.

17. Cho BY, Murovic JA, Park J. Imaging correlation of the degree of degenerative L4-5
spondylolisthesis with the corresponding amount of facet fluid. Journal of Neurosurgery: Spine.
2009;11(5):614-9.

18. Qishi Y, Murase M, Hayashi Y, Ogawa T, Hamawaki J-i. Smaller facet effusion in association with
restabilization at the time of operation in Japanese patients with lumbar degenerative spondylolisthesis.
Journal of Neurosurgery: Spine. 2010;12(1):88-95.

19. Lattig F, Fekete TF, Grob D, Kleinstiick FS, Jeszenszky D, Mannion AF. Lumbar facet joint effusion
in MRI: a sign of instability in degenerative spondylolisthesis? European Spine Journal. 2012;21:276-81.



Tablel:Crosstabulationbetweeninstabilityasobservedonflexion/extensionradiographsinstandingpositionandamountof

facetfluiddetectedonaxialMRIdemonstratingasignificantassociationbetweenpositivefacetfluidonMRIandthepresenceo

finstabilityonradiographs

Facet fluid on axial MRI

positive >1mm =1, negative < 1Imm =2

1.00 2.00 Total
Instability on flexion 1.00 58 12 70
extension
radiographgsPRESENT=
35 111 146

1, 2.00

NOT PRSENT=2

Total 93 123 216




Table

2:ChiSquaretestsonthedataobtainedbetweenflexion/extensionradiographsinstandingpositionandamountoffacetfluidde

tectedonaxialMRI

Asymptotic
Significance | Exact Sig. (2-
Value |df (2-sided) sided) Exact Sig. (1-sided)
Pearson Chi-Square 66.914°| 1 .000
Continuity Correction” 64.534 | 1 .000
Likelihood Ratio 70.296 | 1 .000
Fisher's Exact Test .000 .000
Linear-by-Linear Association 66.605( 1 .000
N of Valid Cases 216

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 30.14.

b. Computed only for a 2x2 table



Table 3:
PearsoncorrelationsdemonstratingastrongpositivecorrelationbetweentheamountoffacetfluidonaxialMR landthegradeo

fspinalinstabilityonstandingflexion/extensionradiographs

Value of facet fluid Grade of spinal instability
Value of facet fluid | Pearson Correlation 1 923
Sig. (2-tailed) .000
N 216 216
Grade of spinal Pearson Correlation .923% 1
instability Sig. (2-tailed) .000
N 216 216

a. Correlation is significant at the 0.01 level (2-tailed).
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Figurel: Thedistributionofdatawithrespecttoagefrequenciescomprisingoftotal216patients



Figure2:MRILumbosacralSpine T2- weighted image

ofthepatientshowingpresenceofsignificantfluidinfacetjointsatL5-S1level on axial cuts with abnormal facet fluid



marked with yellow arrows but no abnormality in alignment at L5-S1 level on supine sagittal view of

MRI.

Figure 3: X-Ray Flexion Extension of the same patient showing significant anterolisthesis
of L5 over S1 vertebra



