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ABSTRACT
Thiswork presentsaprocedurefor the3Ddetectionandmea-
surementof facial swellings,an issueof paramountimpor-
tancein oralandmaxillofacialsurgery. Theconsideredprob-
lemsaretheautomaticacquisitionof facemasksof adequate
precision,the registrationof the 3D masksof the samepa-
tient takenatdifferenttimesduringtheedemaevolution,and
thedetectionandestimateof theedemavolumes.

1. INTRODUCTION

Theaccuratereproductionof post-surgicalfacialswellingsis
of paramountimportancein oral andmaxillofacial surgery.
Theidentificationandmeasurementof facialedemascanbe
usedfor the assessmentof the effectivenessof a specific
pharmacologicaltreatmentaswell asfor thesimulationand
planningof surgical interventions[1, 2, 3, 4, 5, 6]. There
are several methodsto obtain three-dimensionalmeasure-
mentsof humanbodysurfaces.Amongthem,3D active re-
constructionmethodshave recentlyreceivedmuchattention
[1, 2, 3, 4] due to their high precision,non invasivity and
acquisitionspeed.However, fully automaticproceduresfor
3D modelingarenot very commonyet. Harrisonet al. [1]
useda hand-heldlaserscannerto acquirethe facesof pa-
tientswho hadhadtheir third molarextracted.After obtain-
ing high-resolution3D viewsinterpolatingtherow datafrom
the scannerby meansof radial basisfunctions,they regis-
teredthe partial views by manuallyaligning antropometric
featureswith a MatLab Toolbox. Yip et al. [2] useda 3-D
rangecamerafor similarpurposes.In theircase,the3D mod-
elsof theentirefacewereautomaticallybuilt by theacquisi-
tion system;on thecontrary, thefacialmaskscorresponding
to differentmomentsin timewereregisteredby manuallyad-
justingthetwo imagesuntil theirsagittalandcoronaloutlines
werealignedin theeyesandforeheadregion. Hasegawaetal.
[3] cleverly skippedthe problemof registrationby building
anacquisitionsystemconsistingof two laterallaserscanner
and a centralCCD camera. In this way, the lateral views
could be easilyalignedthanksto their pixel-to-pixel corre-
spondences.However, their acquisitionsystemis not very
flexible. Kau et al [4] usedtwo optical laser-scanningde-
vices assembledasa stereopair. Again, the left and right
views weremanuallyalignedwith the help of a lens; simi-
larly, theregistrationof facialmaskstakenat differenttimes
was performedby manuallyaligning five chosenpointsof
thescans.

This work presentsa procedurefor the3D detectionand
quantificationof facial swellingsand two clinical applica-
tions of the proposedmethod. The 3D modelconstruction
processis fully automatic,andsois theregistrationof differ-
ent facialmasksof thesamepatient.Therefore,theacquisi-

SmallRange MediumRange
Fieldof view (XY plane) 10 � 75mm� 20 � 150mm�
Fieldof view (Z axis) 350-450mm 600-750mm
Objective focal length 25 mm + 1 mm

ring
16m

XY resolution 0.13mm 0.26mm
Z resolution 0.01mm 0.015mm
XY uncertainty( ��� ) � 0.015mm � 0.018mm
Z uncertainty( ��� ) � 0.030mm � 0.050mm

Table1: Technicalfeaturesof the 3-D rangecamerasmall
andmediumrangesetups.

tion procedurecanbeperformedby nonspecializedperson-
nel andtheregistrationresult is independentfrom the oper-
ator’s skills. Section2 describesthe acquisitionsystemand
the dataacquisitionprotocol. The proposedmethodfor the
automaticconstructionand alignmentof the 3D modelsis
outlined in Section3. The adoptedalgorithm for volume
computationis explainedin Section4. Section5 presents
the resultsfor the consideredapplications.Section6 draws
someconcusions.

2. ACQUISITION SYSTEM AND DATA CAPTURE

Theacquisitionsystemusedin this studywasanactive sys-
tembasedon aCCD cameraandastructuredlight projector.
Dependingon thedesiredacquisitionrange,thecameraob-
jectivecanbechangedobtaininganuncertaintyfor thez-axis
from 0.085to 0.035mm. In this studytwo differentranges
wereused,namelythemediumrangeto build the3D model
of theentirefaceandto acquirerelatively largeregionssuch
asthe cheeks,andthe small rangeto focuson specificface
districts suchas the mouth. The characteristicsof the two
rangecamerasetupsaresummarizedin Table1.

A first applicationof ourdetectionandmeasurementsys-
temwasthequantificationof facialedemasaftera third mo-
lar extraction. The acquisitionswere madeat the Dental
Clinic of University of Padova betweenJanuaryand July
2005.23patientswerescannedbeforetheintervention,soon
afterwards,after2 daysandafter7 days.To acquirethe3D
modelof their face5 scansweretaken,namelyafrontalview
andtwo pairsof lateralviews. In this way, regionsaffected
andunaffectedby edemawereboth includedin every mea-
surementsession.As we well seein the following session,
this is a crucialstepfor thealignmentof facialmaskstaken
atdifferenttimes.Everyscantookabout5 seconds;lessthan
5 minuteswerenecessaryto processeachpatient.

Thesecondexperimentaltrial concernedthedetectionof
thehyeluronicacidfiller(Belotero)distributionin facialreju-
venationinterventionsto mouth,lip-noseor foreheadregion.
Threepatientswerescannedin January2006.Two measure-
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mentsessionswereperformed,onebeforethefiller injection
andanothersoonafter it. A third acquisitionwill be done
after threemonthsfrom the intervention in April. The re-
gionsaffectedby theoperationwerescannedusingthesmall
rangesetup.A first reasonfor this choicewasof coursethe
fact that the regionsaffectedby the operationhada limited
extension. A secondbut equally importantmotivation was
that the volumeof the injectedfiller wasat most500mm� ,
which hadbeenestimatedto bethevolumeresolutionof the
mediumrangesetup. Moreover, after recalibratingthe sys-
temfor themediumrangesetup,anacquisitionof theentire
face(5 scans)wasdonefor eachpatient.An overall amount
of about8 minuteswasrequiredby thewholeprocess.

3. AUTOMATIC CONSTRUCTION AND
ALIGNMENT OF THE 3D MODELS

3.1 Construction of a facial mask

In principle threeviews (a centraloneanda right and left
one) may suffice to build the 3D model of a face. How-
ever, since submentaland submandibolarregion were of
greatinterestin the presentedapplictions,we choseto take
five views of the face,a centralone and two pairs of lat-
eralviews (oneslightly upwards-oriented,theotherslightly
downwards-oriented).

For a detaileddescriptionof all the necessarystepsto
build a 3D model see[7]. In this sectionwe will report
aboutan automaticprocedureto performpairwiseregistra-
tion, i.e. the alignmentof two views by meansof Textured
Spin-Images(TSI) [8], a modificationof the algorithm in-
troducedby Johnsonet al. in [9]. Let usconsidera surface
mesh. An orientedpoint is definedas the pair formed by
the3D vertex coordinatesp andthesurfacenormaln at the
vertex. Considera point x on the 3D surfaceanddefinein
thefollowing way its coordinatespair �
	���
�� with respectto
the referencesystem � p � n � associatedto an orientedpoint:
radial coordinate	 is the perpendiculardistanceto the line
throughthesurfacenormalat thevertex point, elevationco-
ordinate
 is thesignedperpendiculardistanceto thetangent
planedefinedby vertex normalandposition. Moreover, let� � x � indicatetheluminancevalueassociatedto the �
�����������
chromaticvaluesof thesurfacetextureat x andlet usquan-
tize

� � x � into L uniformgraylevel intervals ���������! "��#$�&%'%(% ) .
A texturedspin-mapwith respectto anorientedpoint is the
setof triplets determinedby all the pointsx of the surface
andtheir intensity

� � x � in thefollowing way:

*,+�� � x �.-/�
	���
0�����1��� (1)

� � 2 3 x 4 p
365 47� n 89� x 4 p ��� 5 � n 8:� x 4 p �6�����1�

A TSI is obtainedfrom thetexturedspinmapby accumu-
lating in eachbin not just the numberof �
	���
;� coordinates
falling in it asin the caseof standardspin-images,but also
all thediscretegray level values� � of the �<	=��
�� coordinates
falling in thebin. Hencea TSI is essentiallythesetof spin-
imagesrecordingthe �<	=��
�� valuesassociatedto each� � gray
level interval, with an importantdifferencewith respectto
the computationof standardspin-images:as the bin value
for each���> "��#?�@%(%'% ) is thesumof all theluminancevalues��� falling in the bin, even a single-level TSI ( )A�B ) takes
into accounttexture information. In principle, the larger is

Figure1: Superpositionof two facialmasksof thesamepa-
tient.

the numberof intensity intervals L, the moretexture infor-
mationis recordedby theTSI. In practiceit wasshown that
a sortof saturationtakesplacebeyondL=4. With respectto
Definition (1), standardspin-imagescanbe consideredasa
specialcaseof TSI with )C�ED (no luminanceinformation).

TSI inheritsomeinterestingpropertiesfrom spin-images:
first of all, they areinvariantwith respectto rigid rototrans-
lationsasthey only dependon the instrinsicsurfacecharac-
teristics.Secondly, TSI of neighbourpointsarevery similar
becausethe featuresof the local surfaceareanearthe point
have thegreatestimpactin TSI formation.TheTSI of corre-
spondingpointsof two partially overlapping3D views will
not beidenticalbecauseof surfacediscretizationeffectsand
becausethetwo patchesshareonly aportionof theirsurface.
However, if theoverlapis substantial(nolessthan30%of re-
gionscharacterizedby anadequatepresenceof geometrical
features),correspondingpointsof thetwo 3D views located
in thecommonregion will have similar TSI. In this way the
detectionof thecommonregion betweentwo partially over-
lapping3D views canbe turnedinto the recognitionof the
mostsimilar imagesof two setsof (texturedspin) images,a
problemfor which anumberof techniquesareavailable.

In orderto detectcorrespondingpoints,a setof putative
point correspondencesis determineduponthe similarity of
theTSI. Thecorrespondencesareorganizedwithin geomet-
rically consistentgroupsandfor eachgrouptherototransla-
tions �
FG��HI� moving the pointsof the first 3D view asclose
as possibleto their correspondingpoints in the second3D
view is determinedvia Horn’salgorithm.Therototranslation�<FG��HJ� giving thewidestoverlapbetweenthetwo viewsis se-
lected.Thecommonregion betweenthe two views is taken
to bethisoverlappingarea.

The final estimateof the rotationandtranslation �
FK��HI�
betweentwo 3D views is typically accomplishedby theICP
algorithm[10] or by someof its many variants.We choseto
adoptthemethodof [11], whichin ourcaseprovedto bevery
robust. This algorithmhasthe importantfeatureof not op-
eratingon a point-to-pointcorrespondencelogic asthe ICP,
sincetheFouriertransformmakesasynthesisof all available
spatialinformation.

3.2 Automatic alignment of facial 3D models taken at
differ ent times

The alignmentof facial 3D modelstaken at differenttimes
essentiallyrequiresto matchpointsamongsuchfacialmod-
els,exploiting theinclusionof faceregionsoutsidetheedema
suchasnose,ears,eyes,etc.

Correspondingpointsoutsidethe edemaregionsarero-
bustly detectedby texturedspin-images.Fig. 1 shows the
superpositionof a patient’s facebeforeandaftersurgery. In
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(a) (b)

Figure 2: A patient’s cheek(a) beforethe intervention (b)
after2 days.

ordertodothiswedefinedareferencesystemassociatedwith
thefrontalview (whichwastakenasthe3D modelreference
atacquisitiontime)with z-axispassingthroughthenose(ac-
tually throughthe3D modelpoint with largestz).

In the caseof cheekedemas,the volume computation
turnedout to be morereliableif only the region affecedby
theedemawascomsidered.Therefore,astheedemaregion
waslocatedeitherat theleft or at theright lowerquadrantof
thedefinedreferencesystem,thepartsof the3D modellying
in the other threequadrantswereautomaticallyeliminated.
Fig. 2 showsportionsof thecheekbeforeandaftersurgery.

4. VOLUME COMPUTATION

Thevolumeinsidea closedsurfacecanbereadilycomputed
asthesumof thevolumesof thethetraedronsformedby ad-
jacenttripletsof pointsof themesh[12]. Unfortunately, the
superpositionof cheekportionsbeforeandafter surgeryre-
turnsa surfacewhich is only approximatelyclosed.Theer-
ror is due to the elasticnatureof facial tissues. Indeedif
one acquiresa face without edemaat two different times
two slightly differentsurfaceswill be obtained. An exam-
ple of the distancesbetweencorrespondentpointsis shown
in Fig.5. The volumeof their differenceis of the orderofL D9D9MNMO� , which we considertheprecisionlimit of our vol-
umemeasurements.

In orderto limit thefacedeformationeffects,theedema
regionwasreducedasmuchaspossibleby manuallyremov-
ing further noseandneck regions from the 3D local mod-
els obtainedthroughthe proceduredescribedin subsection
3.2. Small holesdueto straylight duringacquisitionswere
filled beforevolumecomputationusingstandardinterpola-
tion techniques.

We implementeda very simple integration technique
which takes one of the two surfacesas referenceanduses
small prisms to fill the gap betweenthe two surfacesas
shown in Fig. 3, in practicejust a numericalimplementa-
tion of Riemann’s integration. The volumeof the surface
differencewasthenevaluatedasthe signedsumof the vol-
umesof eachelementaryprism. We consideredthe signed
volumesin thesumandnot their absolutevaluesin orderto
avoid beingpenalizedby thefaceelasticityeffects.

More reliable resultswere obtainedusing classicalde-
formable(or parametric)models,alsoknown assnakes[13].
The basic idea of this methodis to overlap the two mod-
elsandplacea spherecenteredinsidetheregion of interest,
formedby the portion of the cheekwithout edemaandthe
swallen one. The spherewill be hencedeformedunderthe
influenceof threetypesof forces:aninternalforce,aballoon

Figure3: Volumecomputationwith prisms.

(a) (b)

(c) (d)

(e) (f)

Figure4: (a)-(d): Snakeevolutionover thefacewith edema;
(e) Snake insidethe facewith edema;(f) Snake outsidethe
facewithout edema.

forceandanexternalone.Thefirst will mantainthesurface
assmoothaspossible,while the lastwill give it thedesired
shape,fitting themodelto thesurfacecontainingthevolume
undermeasurement.Theballoonforce[14] is usedto make
the snake evolve until it coversall the edemavolume (see
Fig. 4). The evolution of the model canbe formalizedas
follows: P

�<D"�.�
P@Q

(2)R PRTS � S �U�
VW�X� 	��(Y[Z;8&\;�'Y[Z^]_	;`badce8gfh]_	;ikj@Z;8@\�ilj@Z (3)

wheref is theouternormalof thesurfaceand

\;�(Y[Zm�
VW�0�on 5
P
�<VW��4pnrq

P
�<VW�e% (4)

n 5
P
, n q

P
respectively representthe LaplacianandBi-

laplacianof

P
in V . As for \�ilj&Z , insteadof usingtheclassi-

cal conservative forcefield we resortedto theGradientVec-
tor Flow (GVF) introducedin [15]. This vector field is a
priori generatedfrom thesetof pointsof bothmodelsusing
a multiresolution-gridto avoid heavy memoryrequirements.
TheGVF canbecomputedthroughthemethodproposedin
[16]. Thepositionof theinitial spherecanbedeterminedby
localizing the point V�s a6j on the edemafor which the dis-
tancefrom the cheekbeforesurgery is maximumandthen
placingthe centerof

P Q
in the medianpoint of the segment

joining V s a6j andits projectionon thesurfaceunderneath.
We found precisionandrobustnessof this methodway

superiorto thoseof theabovementionedtechniquesandcer-
tainly adequateto our application.
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Figure5: Histogramsof distances(a)betweenthemodelsof
a patient’s cheekwithout edemaconsideredat two different
times(b) betweena patient’scheekwith andwithoutedema.

Patient Vol. After interven-
tion [mmu ] Vol. After 2 days

[mmu ] Vol. After 7days
[mmu ]

D.A. 28684.5 31730.6 25785.5
G.A. 12321.6 39412.7 15751.6
C.A. 17616.0 21180.0 15260.5
C.E. 3113.7 17146.4 3782.8
G.E. 8143.06 21768.4 6752.9
C.E. 9793.7 20637.5 15890.9
R.E. 5387.1 11686.4 4420.3
G.G. 10664.7 18790.7 11469.8
C.G. 11491.9 23508.4 18714.2
V.I. 33023.0 35210.6 20162.0
M.M. 15332.0 46266.9 10568.5
F.M. 16346.9 21167.9 10565.1
M.N. 18797.7 24806.2 20699.3
F.P. 15762.6 49835.8 12654.9
G.S. 18619.8 46591.7 15600.9
G.S. 16679.6 34040.3 21885.4
F.V. 15977.8 25273.4 11476.8
C.D. 11800.3 33362.1 9451.5
B.M. 17859.9 49765.6 15560.0
P.A. 5909.3 33572.9 12675.9

Table 2: Edema volumes at the three consideredpost-
interventiontimes.

Fig. 5 showsahistogramof thedistancesbetweencorre-
spondingpointson the two cheeksbeforeandaftersurgery.
The edemapresenceis clearly indicatedby the histogram
behaviour, ratherdifferent from that of Fig.5a). The max-
imum distanceshown by the histogramis more significant
thanits meanandstandarddeviation in orderto characterize
theedema.Indeed,meanandstandarddeviationdependvery
muchontheareaselectedfor thevolumecomputation,while
maximumdistancesdon’t.

5. EXPERIMENT AL RESULTS

5.1 Quantification of facial edemas

Table2 shows thevolumecomputationresultsfor the23 pa-
tientsof the DentalClinic of the Universityof Padova. Af-
ter calculatingthe volume meanvaluesfor eachgender, it
wasclearhow theedemavolumeis muchhigherfor males,
seeTable3. Namely, soonafter the interventionmalesex-
hibited an edemavolume17% higher thanfemales;2 days
afterwardsthegapamountedto 16.2%;7 daysafterwardsto
15%. The most interestingresultof this studywasthat the
presenceof a residualswellingafter7 dayswashighlighted.
Theedemavolumeaftera weekfrom theintervention,often
unnoticedby the patientsthemselvs,is aboutequalto that
calculatedsoonaftersurgeryfor bothgenders.
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Figure6: Edemamapat two differentscales.
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Figure7: Edemamapevolution: (a) aftersurgery(b) 2 days
afterwards(c) 3 daysafterwards.

Sinceedemasconcernsurfacestheirpresentationis natu-
rally a 2D map.Map informationcanbefurthersynthesized
in few parameterssuchasmaximumedemaheight,edema
heightsatspecifiedcraniometriclocations,or edemavolume
asa convenientsingleparameter.

We realizedthat the appropriateminimum scalerange
to display the edemamapswas v'4w#[MxMy��#[MxMNz . Fig. 6
showsapatient’scheekbeforesurgeryattwo differentscales,
namely v'4w#[MxM{�d#[MxMhz and v|4} &MNMy�@ &MNMNz . The map at
scale v'4} @MxM{�& @MxMhz shows artefactsrelatedto faceelastic-
ity dueto dataacquisitionandregistration,giving rise to a
minimumvolumeprecisionof

L D9D9MNM � .
Fig. 7 shows someedemamapsright after surgeryand

at thesecondandseventhday after the operation.It canbe
seenthanin presenceof considerableswelling theadequate
displayscalevariesfrom v'4�~�MxM{��~�MxMhz to v'4 L MxM{� L MxMhz .
5.2 Detection of hyaluronic acid filler distribution in
facerejuvenation interventions

In this case,the major problemwas that the small amount
of injected filler seemedto hamper the detectionof the
hyaluronicacid filler distribution by the rangecamera. As
canbeseenin Fig.8, it turnedout that thesmall rangesetup
wasperfectlyadequatefor the task. Fig.8(a)and8(b) show
the hyaluronicacid filler distribution for an interventionof
lip augmentationandone to a patient’s lip-noseregion re-
spectively. In thisapplication,theappropriatemapscalewas
smallerthanfor cheekedemas,varyingfrom 0.7to 1.5mm.

6. CONCLUSIONS

This work reportson a procedurefor the detectionand the
quantitative assessmentof facial swellings. A first problem
posedby this taskconcernedthe acquisitionof a 3D mask
of thefaceandtheregistrationof the3D masksof thesame
patienttaken at differenttimesduring the edemaevolution.
Moreover, a reliablemethodto estimatethe volumeof the

14th European Signal Processing Conference (EUSIPCO 2006), Florence, Italy, September 4-8, 2006, copyright by EURASIP



 

 

−1.5mm 0 1.5mm −1.5mm 0 1.5mm

 

 

−0.7mm 0 0.7mm −0.7mm 0 0.7mm

(a) (b)

Figure8: Edemamapsfor (a)alip augmentationintervention
(b) aninterventionto thelip-noseregion.

Gender Vol. After inter-
vention[mmu ] Vol. After 2

days[mmu ] Vol. After 7
days[mmu ]

Male 15873.7 32827.8 14960,9
Female 13190.5 27188.1 12728.8

Table3: Edemavolumemeanvaluesfor malesandfemales.

differencebetweenthe obtainedsurfaceswassearchedfor.
Thepossibilityof detectingthedistributionof smallvolumes
of injectedfluid wasthenevaluated.The previous sections
presentedeffectivesolutionsfor theabovetasks.

We are currently defining a procedurefor the metro-
logical validationof our algorithm. The validationprocess
will aim at quantifyingboththeerror in themeasurementof
known volumes[1, 2] andtheerrorarisingfrom humantis-
sueelasticityandpatients’unperceivedmovements,i.e. the
“posevariability”[1].

Furtherresearchwill alsoaddressthe definition of sur-
faceparametricmodelscapableof capturingfacialdeforma-
tionsin few parameters.Suchparameterswouldbeveryuse-
ful for edemaclassificationpurposes.

A third areain needof investigationis therealizationof
ad hoc3D facedigitizersasaccurateasthegeneralpurpose
structuredlight systemwe usedbut lessexpensive,possibly
morerobustfor dataacquisitionandhandier.
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