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Seminar OutlineSeminar Outline

VideofluoroscopicVideofluoroscopic Swallow Study (VFSS)Swallow Study (VFSS)
–– PurposePurpose
–– ReliabilityReliability

Standardizing protocolsStandardizing protocols–– Standardizing protocolsStandardizing protocols
–– Determining specific swallowing impairmentDetermining specific swallowing impairment

Instrumental ExaminationInstrumental Examination

PurposePurpose
–– Evaluate biomechanical and physiologic Evaluate biomechanical and physiologic 

function and dysfunctionfunction and dysfunction
–– Determine swallowing safetyDetermine swallowing safetyDetermine swallowing safetyDetermine swallowing safety
–– Identify effects of compensatory strategies Identify effects of compensatory strategies 

and maneuvers on swallowingand maneuvers on swallowing
–– Determine appropriate dietDetermine appropriate diet
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Instrumental ExaminationInstrumental Examination

VideofluoroscopicVideofluoroscopic swallow study (VFSS)swallow study (VFSS)
–– Simultaneous respiratory measureSimultaneous respiratory measure

VideoendoscopyVideoendoscopy
ManometryManometry
–– Currently performed by GI or in research Currently performed by GI or in research 

studiesstudies

Must consider individual needs of patientMust consider individual needs of patient

Instrumental ExaminationInstrumental Examination--VFSSVFSS

VFSSVFSS
–– Direct assessment of oral cavity, pharynx, and Direct assessment of oral cavity, pharynx, and 

esophagusesophagus
–– Evaluate what is happening during theEvaluate what is happening during theEvaluate what is happening during the Evaluate what is happening during the 

swallow without need to inferswallow without need to infer

Radiation ExposureRadiation Exposure
–– Most comprehensive evaluation with the least Most comprehensive evaluation with the least 

amount of radiation exposureamount of radiation exposure
–– Radiation exposure Radiation exposure ((ZammitZammit--MaempelMaempel et al., 2007, et al., 2007, 

LemenLemen, 2004), 2004)

Instrumental ExaminationInstrumental Examination--VFSSVFSS

Patient PositioningPatient Positioning
–– Lateral viewLateral view
–– Allows for documentation of bolus flow and Allows for documentation of bolus flow and 

structural movementstructural movementstructural movementstructural movement
Fluoroscopic tube focused on:Fluoroscopic tube focused on:

–– Oral CavityOral Cavity
–– PharynxPharynx
–– LarynxLarynx
–– Cervical EsophagusCervical Esophagus

–– As patients move, use information from CSE As patients move, use information from CSE 
to help direct evaluationto help direct evaluation
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Instrumental ExaminationInstrumental Examination--VFSSVFSS

Patient PositioningPatient Positioning
–– AA--P viewP view

Some clinicians obtain routinelySome clinicians obtain routinely
Others obtain only ifOthers obtain only if postswallowpostswallow pyriformpyriform sinussinusOthers obtain only if Others obtain only if postswallowpostswallow pyriformpyriform sinus sinus 
residue is evident in the lateral viewresidue is evident in the lateral view

–– Determine if residue is unilateral or bilateralDetermine if residue is unilateral or bilateral--can be can be 
evident in stroke patientsevident in stroke patients

Assess vocal fold functioningAssess vocal fold functioning
–– Have patient say “ah” and identify movementHave patient say “ah” and identify movement

Instrumental ExaminationInstrumental Examination--VFSSVFSS

If possible, obtain simultaneous If possible, obtain simultaneous 
respiration swallowing measuresrespiration swallowing measures
Respiration and SwallowingRespiration and Swallowing--structurally structurally 
linked via thelinked via the oropharynxoropharynxlinked via the linked via the oropharynxoropharynx
Breathing Swallowing Coordination Breathing Swallowing Coordination 
–– Respiratory pause (apnea)Respiratory pause (apnea)--obligatory obligatory 

cessation of breathing to accommodate cessation of breathing to accommodate 
swallowingswallowing

Onset highly variable Onset highly variable (Martin(Martin--Harris et al., 2005)Harris et al., 2005)

Instrumental ExaminationInstrumental Examination--VFSSVFSS

Breathing Swallowing CoordinationBreathing Swallowing Coordination--cont.cont.
–– Respiratory pause (apnea)Respiratory pause (apnea)--obligatory obligatory 

cessation of breathing to accommodate cessation of breathing to accommodate 
swallowingswallowings a o gs a o g

Frequently occurs with bolus loading or onset of Frequently occurs with bolus loading or onset of 
oral transfer oral transfer (Martin(Martin--Harris et al., 2005; Hiss et al., 2004)Harris et al., 2005; Hiss et al., 2004)

Resumption of breathing more specific occurring Resumption of breathing more specific occurring 
with hyoid lowering with hyoid lowering (Martin(Martin--Harris et al., 2005)Harris et al., 2005)
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Instrumental ExaminationInstrumental Examination--VFSSVFSS

Breathing Swallowing CoordinationBreathing Swallowing Coordination
–– Respiratory phase patternRespiratory phase pattern

Primarily expiration prior to and following Primarily expiration prior to and following 
swallowing in healthy individualsswallowing in healthy individualsg yg y
MidMid--late stage of expirationlate stage of expiration
If inspiration brackets the swallow, it is more likely If inspiration brackets the swallow, it is more likely 
to occur prior to swallowingto occur prior to swallowing
Inspiration after the swallow frequently associated Inspiration after the swallow frequently associated 
with aspirationwith aspiration

Instrumental ExaminationInstrumental Examination--VFSSVFSS

NasogastricNasogastric Tube (NGT)Tube (NGT)
–– Large bore and small bore tubesLarge bore and small bore tubes

May affect timing and increase airway invasion May affect timing and increase airway invasion 
(Wang et al., 2006; Huggins et al., 1999; Robbins et al., (Wang et al., 2006; Huggins et al., 1999; Robbins et al., 
1993) or not (1993) or not (LederLeder & & SuiterSuiter 2008)2008)
What about residual?What about residual?

Obtain orders prior to VFSS for removal of the NGTObtain orders prior to VFSS for removal of the NGT
If NGT appears to be causing or contributing to If NGT appears to be causing or contributing to 
dysphagiadysphagia, remove tube, remove tube

Instrumental ExaminationInstrumental Examination--VFSSVFSS

Bolus Presentation Guidelines: My preferenceBolus Presentation Guidelines: My preference
SelfSelf--administeredadministered
Single SwallowsSingle Swallows

5 ml thin liquid self5 ml thin liquid self--regulated cup sip (or 10 or 20 mlregulated cup sip (or 10 or 20 ml–– 5 ml thin liquid, self5 ml thin liquid, self--regulated cup sip (or 10 or 20 ml regulated cup sip (or 10 or 20 ml 
measured volume), semimeasured volume), semi--solid, mastication (generally solid, mastication (generally 
cookie)cookie)

–– 22--3 trials volume/consistency 3 trials volume/consistency (Lazarus et al., 1993)(Lazarus et al., 1993)

–– Cued or nonCued or non--cued swallows?cued swallows?

Sequential SwallowingSequential Swallowing
–– Continuous selfContinuous self--administered thin liquid without pauseadministered thin liquid without pause
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Instrumental ExaminationInstrumental Examination--VFSSVFSS

Bolus Presentation Guidelines: My preferenceBolus Presentation Guidelines: My preference
Cued SwallowCued Swallow
–– Posterior oral “hold” thus shorter OTT as start counting Posterior oral “hold” thus shorter OTT as start counting 

at onset of movement after cueat onset of movement after cue
–– Leading edge of the bolus more Leading edge of the bolus more rostralrostral in the in the 

oropharynxoropharynx; onset of the pharyngeal swallow is “faster”; onset of the pharyngeal swallow is “faster”

NonNon--cued Swallowcued Swallow
–– No hold, so OTT begins at onset of movement thus No hold, so OTT begins at onset of movement thus 

longer than with cuelonger than with cue
–– Leading edge of the bolus more caudal, frequently in Leading edge of the bolus more caudal, frequently in 

the pharynx at onset of the pharyngeal swallowthe pharynx at onset of the pharyngeal swallow

Instrumental ExaminationInstrumental Examination--VFSSVFSS

Bolus Presentation Guidelines: Suggested Bolus Presentation Guidelines: Suggested 
standardstandard (Martin(Martin--Harris et al., 2008)Harris et al., 2008)

SelfSelf--administered, nonadministered, non--cuedcued
Single SwallowsSingle SwallowsSingle SwallowsSingle Swallows
–– Lateral view: 5 ml thin liquid x2, thin liquid sequential Lateral view: 5 ml thin liquid x2, thin liquid sequential 

swallows, 5 ml nectar thick, sequential swallows nectar swallows, 5 ml nectar thick, sequential swallows nectar 
thick, 5 ml honey thick, 5 ml pudding barium, ½ thick, 5 ml honey thick, 5 ml pudding barium, ½ 
bariumbarium--coated cookiecoated cookie

–– AA--P view: 5ml nectar thick, 5 ml pudding bariumP view: 5ml nectar thick, 5 ml pudding barium

Radiation exposure: 3Radiation exposure: 3--5 minutes5 minutes

Instrumental ExaminationInstrumental Examination--VFSSVFSS

Bolus Presentation Guidelines: Suggested Bolus Presentation Guidelines: Suggested 
standard standard (Martin(Martin--Harris et al., 2008)Harris et al., 2008)

Results suggest that adequate information on all Results suggest that adequate information on all 
swallowing parameters except mastication may be swallowing parameters except mastication may be 
b i d f l hi li id d lb i d f l hi li id d lobtained from 5 ml thin liquid and 5 ml nectar obtained from 5 ml thin liquid and 5 ml nectar 

thick liquidthick liquid
Perhaps these 2 consistencies can be used as Perhaps these 2 consistencies can be used as 
“screening” to decide whether to continue or halt “screening” to decide whether to continue or halt 
examinationexamination
Standardized with Standardized with VaribarVaribar productsproducts
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Instrumental ExaminationInstrumental Examination--VFSSVFSS

Bolus Presentation GuidelinesBolus Presentation Guidelines
–– If aspiration is evident on the first swallow, If aspiration is evident on the first swallow, 

generally repeatgenerally repeat--may need warmmay need warm--upup
–– If consistent aspiration with liquids, initiate If consistent aspiration with liquids, initiate 

compensatory strategiescompensatory strategies
–– If aspiration with liquids and minimal residual, If aspiration with liquids and minimal residual, 

test semitest semi--solids, solidssolids, solids

Instrumental ExaminationInstrumental Examination--VFSSVFSS

Therapeutic StrategiesTherapeutic Strategies
–– Objectively evaluate the effects of Objectively evaluate the effects of 

compensatory strategiescompensatory strategies
–– Proceed from least to most restrictiveProceed from least to most restrictiveProceed from least to most restrictiveProceed from least to most restrictive
–– Strategy depends on patient’s cognitive Strategy depends on patient’s cognitive 

status and real worldstatus and real world
Posture Posture 
ManeuverManeuver
ConsistencyConsistency
Sensory input?Sensory input?

Thin Liquid
5 ml x 2
10 ml x 2
Single cup sip x 2

Implement appropriate compensatory 
strategy based on specific swallow 
impairment, e.g. chin tuck, thickened liquid.
Start compensation at volume aspirated

2 instances 
PAS ≥ 6

No 2 instances 
PAS ≥ 6

5 ml semi-solid x 2

No significant residue

Pyriform sinus residue: 
Reposition to A-P to 
determine if unilateral or 
bil t l

Significant residue x 1

Continued aspiration 
and/or significant residue-
consider stopping study

bilateral

Barium-coated 
cracker/cookie

No instances PAS ≥ 6 
and/or significant 
residue No/Minimal 

residue

100 ml Self-regulated 
sequential swallow – thin 
liquid
Complete with appropriate 
compensation if warranted

Dry swallow/ liquid wash

Continued residue

Unsuccessful
Head turn posture-Also 
consider effortful  
swallow or Mendelsohn
All choices dependent 
on residue location
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Instrumental ExaminationInstrumental Examination--VFSSVFSS

Screen esophagus if significant aspiration Screen esophagus if significant aspiration 
is not observed is not observed (Martin & (Martin & EasterlingEasterling, 2006), 2006)

–– Radiologist follows liquid and semiRadiologist follows liquid and semi--sold bolus sold bolus 
from pharynx to esophagusfrom pharynx to esophagusfrom pharynx to esophagusfrom pharynx to esophagus

–– Radiologist determines if dysfunction and Radiologist determines if dysfunction and 
need for further workneed for further work--upup

VFSSVFSS--InterpretationInterpretation

Anatomic abnormalitiesAnatomic abnormalities
Bolus flowBolus flow
–– TimingTiming

Di tiDi ti–– DirectionDirection
–– ClearanceClearance

Structural movementStructural movement--spatial, temporalspatial, temporal
Response to compensatory strategyResponse to compensatory strategy
Treatment planTreatment plan

VFSSVFSS--InterpretationInterpretation

Typically identify symptomTypically identify symptom--determine determine 
pathophysiologypathophysiology
–– PoolingPooling
–– ResidueResidue
–– Airway invasion: before, during, or after Airway invasion: before, during, or after 

pharyngeal swallowpharyngeal swallow
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VFSSVFSS--InterpretationInterpretation

Oral PhaseOral Phase-- dependent upon bolus consistencydependent upon bolus consistency

–– ContainmentContainment
–– Mastication/manipulationMastication/manipulation

TransferTransfer–– TransferTransfer

VFSSVFSS--InterpretationInterpretation

Bolus FlowBolus Flow--TimingTiming
–– Oral Transit TimeOral Transit Time--measured from onset of bolus measured from onset of bolus 

head or tail movement until bolus head reaches head or tail movement until bolus head reaches 
ramusramus of mandibleof mandible

–– Stage Transit DurationStage Transit Duration--measured from bolus head measured from bolus head 
reaches the reaches the ramusramus of the mandible to onset of of the mandible to onset of 
maximum hyoid elevationmaximum hyoid elevation

–– Pharyngeal Response TimePharyngeal Response Time--measured from onset measured from onset 
of maximum hyoid elevation to bolus tail through UESof maximum hyoid elevation to bolus tail through UES

VFSSVFSS--Stage Transit DurationStage Transit Duration

Onset of Pharyngeal SwallowOnset of Pharyngeal Swallow--transition transition 
from oral phase to pharyngeal phasefrom oral phase to pharyngeal phase
–– Evoked with leading edge of the bolus in the Evoked with leading edge of the bolus in the 

oropharynxoropharynxoropharynxoropharynx
Anterior facial archesAnterior facial arches
RamusRamus of the mandible bisects base of tongue of the mandible bisects base of tongue 
((mandibularmandibular angle)angle)

–– Measured from when the leading edge of the Measured from when the leading edge of the 
bolus reaches the bolus reaches the mandibularmandibular angle to onset angle to onset 
of maximum of maximum hyolaryngealhyolaryngeal movementmovement
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VFSSVFSS--Stage Transit DurationStage Transit Duration

Onset of Pharyngeal SwallowOnset of Pharyngeal Swallow
–– During mastication and sequential swallowing, During mastication and sequential swallowing, 

the bolus can be inferior to the angle of the the bolus can be inferior to the angle of the 
mandible at swallow onset mandible at swallow onset ((DuaDua et al., 1997; Palmer et al., 1997; Palmer mandible at swallow onset mandible at swallow onset ((DuaDua et al., 1997; Palmer et al., 1997; Palmer 
et al., 1992; Chiet al., 1992; Chi--Fishman & Fishman & SoniesSonies, 2000; Daniels & , 2000; Daniels & FoundasFoundas, , 

2001; Daniels et al., 2004)2001; Daniels et al., 2004)

–– Also occurs with single swallows particularly in Also occurs with single swallows particularly in 
healthy, older adultshealthy, older adults (Martin(Martin--Harris, et al., 2007; Harris, et al., 2007; 
Stephen, et al., 2005)Stephen, et al., 2005)

VFSSVFSS--InterpretationInterpretation

Bolus FlowBolus Flow--Direction (airway invasion)Direction (airway invasion)
–– PenetrationPenetration--material enters the laryngeal material enters the laryngeal 

vestibulevestibule
–– AspirationAspiration--material enters the tracheamaterial enters the tracheaAspirationAspiration material enters the tracheamaterial enters the trachea

VFSSVFSS--InterpretationInterpretation

Bolus FlowBolus Flow--DirectionDirection--Timing of Airway Timing of Airway 
InvasionInvasion
–– Before the swallowBefore the swallow

Material enters the airway before onset of theMaterial enters the airway before onset of theMaterial enters the airway before onset of the Material enters the airway before onset of the 
pharyngeal swallowpharyngeal swallow

–– During the swallowDuring the swallow
Material enters the airway during the swallowMaterial enters the airway during the swallow

–– After the swallowAfter the swallow
Material enters the airway after the swallowMaterial enters the airway after the swallow
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VFSSVFSS--InterpretationInterpretation

Bolus FlowBolus Flow--DirectionDirection
PenetrationPenetration--Aspiration Scale Aspiration Scale ((RosenbekRosenbek et al., et al., 
1996)1996)

–– DepthDepthDepthDepth
–– ClearanceClearance
–– ResponseResponse

Alternative to “flash penetration”Alternative to “flash penetration”

VFSSVFSS--InterpretationInterpretation

PenetrationPenetration--Aspiration Scale Aspiration Scale 
1 1 –– No airway invasionNo airway invasion
2 2 –– Laryngeal penetration with clearingLaryngeal penetration with clearing
3 3 –– Laryngeal penetration with stasisLaryngeal penetration with stasis
44 P t ti t th TVC ith l iP t ti t th TVC ith l i4 4 –– Penetration to the TVC with clearingPenetration to the TVC with clearing
5 5 –– Penetration to the TVC without clearingPenetration to the TVC without clearing
6 6 –– Aspiration with clearingAspiration with clearing
7 7 –– Aspiration with cough but no clearingAspiration with cough but no clearing
8 8 –– Silent aspirationSilent aspiration

VFSSVFSS--InterpretationInterpretation

Bolus FlowBolus Flow--ClearanceClearance
–– PostswallowPostswallow residualresidual
–– LocationLocation

Oral cavityOral cavity
ValleculaeValleculae
PyriformPyriform sinussinus--unilateral, bilateralunilateral, bilateral

–– ConsistencyConsistency
–– Amount Amount ((EisenhuberEisenhuber et al. 2002; Perlman et al., 1994; Hind et al. 2002; Perlman et al., 1994; Hind 

et al., 2001; Daniels et al., 2009)et al., 2001; Daniels et al., 2009)

–– BuildBuild--upup
–– PostswallowPostswallow airway invasionairway invasion
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VFSSVFSS--InterpretationInterpretation

Bolus FlowBolus Flow--ClearanceClearance
–– Quantifying amount of residual in Quantifying amount of residual in valleculaevalleculae

and and pyriformpyriform sinuses sinuses ((EisenhuberEisenhuber et al. 2002)et al. 2002)

MildMild--< 25% of height of structure (space)< 25% of height of structure (space)
f ff fModerateModerate--between 25%between 25%--50% of height of 50% of height of 

structure (space)structure (space)
SevereSevere--> 50% of height of structure (space)> 50% of height of structure (space)
No discussion of oral cavity, but could same No discussion of oral cavity, but could same 
scoring method apply?scoring method apply?

VFSSVFSS--InterpretationInterpretation

Structural MovementStructural Movement
–– TemporalTemporal--duration of the actual displacement duration of the actual displacement 

of a structure, of a structure, e.g., hyoid, UES openinge.g., hyoid, UES opening
objective measure with counter timerobjective measure with counter timerobjective measure with counter timerobjective measure with counter timer

–– SpatialSpatial--distance of displacementdistance of displacement
Objective measure with special softwareObjective measure with special software

VFSSVFSS--InterpretationInterpretation

MBSImpMBSImp (Martin(Martin--Harris et al., 2008)Harris et al., 2008)

–– Observed physiology from VFSSObserved physiology from VFSS
–– 17 components17 components

Oral Domain: 6 components including variousOral Domain: 6 components including variousOral Domain: 6 components including various Oral Domain: 6 components including various 
measures of oral control, oral residue, onset of the measures of oral control, oral residue, onset of the 
pharyngeal swallowpharyngeal swallow
Pharyngeal Domain: 10 components including Pharyngeal Domain: 10 components including 
pharyngeal biomechanics and residuepharyngeal biomechanics and residue
Esophageal Domain: 1 componentEsophageal Domain: 1 component--clearanceclearance
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VFSSVFSS--InterpretationInterpretation

MBSImpMBSImp (Martin(Martin--Harris et al., 2008)Harris et al., 2008)

–– SemiSemi--objectiveobjective
Impression of severityImpression of severity

–– RegisteredRegistered MBSImpMBSImp clinicianclinicianRegistered Registered MBSImpMBSImp clinicianclinician
ReRe--establish proficiency every 5 yearsestablish proficiency every 5 years

VFSSVFSS--InterpretationInterpretation

Pharyngeal PhasePharyngeal Phase-- approx 1 secondapprox 1 second

–– VelopharyngealVelopharyngeal closureclosure
–– Laryngeal closureLaryngeal closure

Superior and anterior movement of the hyoidSuperior and anterior movement of the hyoid–– Superior and anterior movement of the hyoid Superior and anterior movement of the hyoid 
bone and larynxbone and larynx

–– Upper esophageal sphincter (UES) openingUpper esophageal sphincter (UES) opening
–– Base of tongue (BOT) retractionBase of tongue (BOT) retraction
–– Pharyngeal constrictor contractionPharyngeal constrictor contraction

VFSSVFSS--InterpretationInterpretation

Bolus FlowBolus Flow--TimingTiming
–– Characterized in general terms of slow or Characterized in general terms of slow or 

delayed or objectively quantifieddelayed or objectively quantified
–– Objective requires time code generatorObjective requires time code generatorObjective requires time code generatorObjective requires time code generator

OralOral
Evocation of the pharyngeal swallowEvocation of the pharyngeal swallow
PharyngealPharyngeal
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VFSSVFSS--InterpretationInterpretation

Radiographic SymptomRadiographic Symptom
–– PreswallowPreswallow

Anterior leakageAnterior leakage
↓↓ bolus formationbolus formation↓↓ bolus formationbolus formation
Pooling into the pharynxPooling into the pharynx
Airway Airway invasioninvasion--generally before onset of pharyngeal swallowgenerally before onset of pharyngeal swallow

–– PostswallowPostswallow
Oral residualOral residual--may yield airway invasion may yield airway invasion postswallowpostswallow

Physiologic AbnormalityPhysiologic Abnormality
–– ↓↓ OrolingualOrolingual ControlControl

VFSSVFSS--InterpretationInterpretation

Radiographic SymptomRadiographic Symptom
–– PreswallowPreswallow

Pooling into the pharynxPooling into the pharynx
Airway invasionAirway invasion--generally before onset of thegenerally before onset of theAirway invasionAirway invasion generally before onset of the generally before onset of the 
pharyngeal swallow but could be duringpharyngeal swallow but could be during

Physiologic AbnormalityPhysiologic Abnormality
–– Delayed onset of pharyngeal swallowDelayed onset of pharyngeal swallow

VFSSVFSS--InterpretationInterpretation

Radiographic SymptomRadiographic Symptom
–– Nasal regurgitationNasal regurgitation

Physiologic AbnormalityPhysiologic Abnormality
P h l tilitP h l tilit–– Poor pharyngeal motilityPoor pharyngeal motility
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VFSSVFSS--InterpretationInterpretation

Radiographic SymptomRadiographic Symptom
–– VallecularVallecular residue: may lead to airway residue: may lead to airway 

invasion after swallowinvasion after swallow

Physiologic AbnormalityPhysiologic AbnormalityPhysiologic AbnormalityPhysiologic Abnormality
–– ↓↓ BOT to PPW approximationBOT to PPW approximation
–– ↓↓ epiglotticepiglottic deflection deflection 

↓↓ anterior hyoid movement anterior hyoid movement 
intrinsic changes in supportive tissueintrinsic changes in supportive tissue

VFSSVFSS--InterpretationInterpretation

Radiographic SymptomRadiographic Symptom
–– PyriformPyriform sinus residue: may lead to airway sinus residue: may lead to airway 

invasion after swallowinvasion after swallow

Physiologic AbnormalityPhysiologic AbnormalityPhysiologic AbnormalityPhysiologic Abnormality
–– ↓↓ anterior hyoid movementanterior hyoid movement--

↓↓ UES openingUES opening

–– Intrinsic problem with Intrinsic problem with cricopharyngeuscricopharyngeus
relaxationrelaxation

–– Unilateral pharyngeal Unilateral pharyngeal hemiparesishemiparesis
If unilateral residueIf unilateral residue

VFSSVFSS--InterpretationInterpretation

Reliability in interpretationReliability in interpretation
–– Like CSE, for VFSS, each group of clinicians Like CSE, for VFSS, each group of clinicians 

should establish:should establish:
Consistent protocolConsistent protocolConsistent protocolConsistent protocol
Reliability in interpretationReliability in interpretation--inter and intrainter and intra--rater rater 
((StoeckliStoeckli et al., 2003; McCullough et al., 2001)et al., 2003; McCullough et al., 2001)
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