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Aim

Clinical application of shape analysis in 
assessing 3D facial variation in subjects 
with oral clefts 



“All geometric information that remains when
translation, scaling and rotational effects are      
filtered out from an object”

(Kendall,1977)

Shape?
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According to Kendall, shape is  “All geometric information that remains when
translation, scaling and rotational effects are filtered out from an object 



Thin plate spline analysis (TPS) 
A thin extended sheet of steel employed to visualise 3D variation 
in form 

Principle component analysis (PCA) 
Simplify understanding variations between subjects and 
reduce dimensionality of the data

Generalised Procrustes analysis (GPA) 
Registering data sets by translation rotation and scaling to   
best fit 

www. http://life.bio.sunysb.edu/morph/index.html
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Procrustes analysis (PCA): An approach for registering series of data sets by translating, rotating and scaling them so they can best fit. 
Principle component analysis (PCA): Allows assessment of the principal components (PCs) of variation between specimens. IT is used to reduce the dimensionality of the data but, retaining the statistical estimates for shape differences





Cleft Lip and Palate

UCLP BCLP CPUCLA
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CLP is considered the most common occurring congenital craniofacial deformity. People with oral clefts usually have different facial shape than their peers
Disparity  present in the different types of cleft lip and palate provides interesting data for exploring variation in shape occurring as a result of disruption of normal growth and development as a result of the defect and surgical repair. By shape analysis we study the effect of the deformity and surgical repair on the configuration of the facial regions presented by the landmarks movement due to both remodelling and sutural growth compared to controls. Generally, traditional morphometric data analysis of interlandmark distances and angles were used to provide these information. However, employed provides relatively little information about the 3D geometrical relationship between the landmarks. Linear measurements can detect differences in size but does not provide details about the position or 3D shape relationship of the landmarks to each other. So analysis will be focused on a set of subjects with cleft-lip and palate.



3D scanner (3dMD, Atlanta, USA)

3dMD software

MorphAnalyser software  ((Tiddeman et al.,  2000)

Morphologika software (O’Higgins and Jones 1998)

Methods
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3dMD scanner and its software for data acquisition and processing and some parts of the analysis 
MorphAnalyser software for, 3D surface analysis and 2D feature point marking including extracting linear and angular measurements averaging the faces and symmetry assessment
Morphologika software for more advanced 3D point shape statistics including assessment of shape and form variation within and between the groups



Materials

Presenter
Presentation Notes
This  study was undertaken at Newcastle University with the objective of exploring 3D facial variation and asymmetry between 80 eight to twelve year old subjects in a control group with clas I dental occusion and harmonious balanced faces. The in 4 matched cleft-lip and palate groupscomprised Unilateral cleft lip and palate (UCLP), Unilateral cleft lip and alveolus (UCLA), Bilateral cleft lip and palate (BCLP), Cleft palate only (CP). 
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Face capture was performed using a commercial 3D stereophotogrammetry system (3dMD, Atlanta, USA). Image acquisition time was 2 milliseconds. 6 cameras and 4 flashes were tightly synchronized to capture the entire surface of the face from ear to ear simultaneously. The advantage of this system is that it generates a single point cloud of the entire captured surface of the face from ear to ear simultaneously from both sets of camera 
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The shape analysis undertaken by in this study are: Construction of average faces, Quantification of 3D landmark asymmetry in mm, exploring 3D shape variations within and between the groups, in addition to, comparing 3D mean form and mean form symmetry between the groups



Right UCLP Reflected right UCLP
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In cases of right  unilateral clefts the scans were reflected to ensure all the clefts are on the left side for analysis consistency. 




MorphAnalyser softwareMorphAnalyser software



Control Female ControlMale Control

UCLPBCLP UCLA CP
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Seven 3D average models were constructed in the study. One for each of the following study groups; UCLP, UCLA, BCLP, CP, controls, female controls and male controls  Averages are created by calculating the mean position of each vertex under a suitable alignment. For the averages to be valid the models need to be properly aligned to remove variations in translation, rotation and scale. In MorphAnalyser models can be aligned using a 3 point method (Bookstein 1989 ) or using partial or full Procrustes alignment (REF). The software also calculates the 3D positional distribution around each surface point in the mean for later use. Construction of an average face provides an interesting perspective for diagnosis,  treatment planning, and in comparing facial shapes among  different patient groups. revealed that the UCLP average face had a wider and asymmetrical nose and flattened nasal tip deviated towards the unaffected side. Moreover, the mouth was asymmetric and the  cheeks and zygomatic region were Flatter. 
 This has a potential use for patients with craniofacial anomalies or skeletal disproportion. Furthermore, it provides the orthodontist, and plastic and maxillofacial surgeons with a valuable template aids for planning 3D reconstruction for craniofacial abnormalities. 
BCLP; wider nose, the UCLP and UCLA asymmetry is the most observed
The male face looks more feminine 
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Seven 3D average models were constructed in the study. One for each of the following study groups; UCLP, UCLA, BCLP, CP, controls, female controls and male controls  Averages are created by calculating the mean position of each vertex under a suitable alignment. For the averages to be valid the models need to be properly aligned to remove variations in translation, rotation and scale. In MorphAnalyser models can be aligned using a 3 point method (Bookstein 1989 ) or using partial or full Procrustes alignment (REF). The software also calculates the 3D positional distribution around each surface point in the mean for later use. Construction of an average face provides an interesting perspective for diagnosis,  treatment planning, and in comparing facial shapes among  different patient groups. revealed that the UCLP average face had a wider and asymmetrical nose and flattened nasal tip deviated towards the unaffected side. Moreover, the mouth was asymmetric and the  cheeks and zygomatic region were Flatter. 
 This has a potential use for patients with craniofacial anomalies or skeletal disproportion. Furthermore, it provides the orthodontist, and plastic and maxillofacial surgeons with a valuable template aids for planning 3D reconstruction for craniofacial abnormalities. 
BCLP; wider nose, the UCLP and UCLA asymmetry is the most observed
The male face looks more feminine 



Control

UCLPUCLA

BCLPCP
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UCLP average face In profile the UCLP had a flatter upper lip producing a mesial step between the upper and lower lips (Figure 4‑2). 
CP pprofile is the most similar to the control with more retrognathic mandible.. 



Control
vs

BCLP

Control 
vs 
CP

Control 
vs 

UCLA

Control 
vs 

UCLP
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Superimposition of both surfaces revealed that the UCLP face was more protrusive in the mandibular region and cheek on the unaffected right side (Figure 4‑3). From the left side, the protrusion of the UCLP face seemed to be less than the right side. The nose was broader but the nasal tip was almost at the same level. The nasal root and forehead were more protrusive aiding in straightening the profile in UCLP average face. 
from the left side, it can be seen that the UCLP presented with reduced posterior facial height and transversal width indicated by the green colour.  While from the right side there was no difference between the two average faces in the same correspondent regions indicating the effect of the presence of asymmetric deformity. 





A

B

Control male

vs

Control female
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Superimposition of both surfaces revealed that the UCLP face was more protrusive in the mandibular region and cheek on the unaffected right side (Figure 4‑3). From the left side, the protrusion of the UCLP face seemed to be less than the right side. The nose was broader but the nasal tip was almost at the same level. The nasal root and forehead were more protrusive aiding in straightening the profile in UCLP average face. 
from the left side, it can be seen that the UCLP presented with reduced posterior facial height and transversal width indicated by the green colour.  While from the right side there was no difference between the two average faces in the same correspondent regions indicating the effect of the presence of asymmetric deformity. 




3D oral landmark 
asymmetry

3D nasal landmark
asymmetry

Presenter
Presentation Notes
The 3D symmetry of facial landmarks was assessed by reflecting each facial scan and comparing the original and reflected versions. Both were submitted to Procrustes analysis for translating, rotating and scaling them to best fit with each other whilst retaining their shape. The distance between each landmark and the corresponding reflected point was measured in millimetres and the asymmetry was calculated for each landmark. These error bar graphs display the landmark asymmetry in each group. The first grpg is for the nasal and the second for the orals. The groups with Unilateral deformities had the greater landmark asymmetry, followed by BCLP with asymmetrlcal bilateral deformity, CP group was the least asymmetric among the cleft groups.  We canwee that asymmetry is present although in lesser extent in the unaffected control group.
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Morphologika is an integrated software package developed by (O'Higgins and Jones 1998) for exploring and visualizing shape and form variations within and between data sets by using either 3D or 2D data sets. Options include Generalised Procrustes analysis (GPA) (Kendall 1984), (PCA) (O'Higgins and Jones 1998), and Thin Plate Spline analysis (TPS) (Bookstein, Grayson et al. 1991). 



Control vs CP
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Shape differences between individuals were examined by pairwise comparison and visualised in scatter plots. The displayed scatter graphs explore shape variability within and between groups. ( excluding size).  Firstly between control vs unilateral cleft lip and palate group. BCLP and UCLP are most different in shape from controls and the large Procrustes distance between their group means reflects almost complete separation of the scatters of affected individuals in both groups from controls, while there is considerable overlap between controls and UCLA and CP groups with smaller Procrustes distance between their means and the controls. But, thisdistance remained statistically significant



Control vs CP

-0.03-0.06-0.09 0.03 0.06 0.09 0.12

-0.02

-0.04

0.02

0.04

0.06

0.08

PC 1 24%

PC 2 15%
Control vs UCLP

-0.03-0.06 0.03 0.06 0.09

-0.02

-0.04

-0.06

0.02

0.04

0.06

0.08 Control vs BCLP

-0.03-0.06 0.03 0.06 0.09

-0.02

-0.04

-0.06

-0.08

0.02

0.04

0.06
Control vs CP PC 2 14%

PC 3 12% -0.03-0.06 0.03 0.06 0.

-0.02

-0.04

-0.06

-0.08

0.02

0.04

0.06 Control vs UCLAPC 2 14%

PC 1 21%

PC 2 16%

PC 1 24%

Presenter
Presentation Notes
Shape differences between individuals were examined by pairwise comparison and visualised in scatter plots. The displayed scatter graphs explore shape variability within and between groups. ( excluding size).  Firstly between control vs unilateral cleft lip and palate group. BCLP and UCLP are most different in shape from controls and the large Procrustes distance between their group means reflects almost complete separation of the scatters of affected individuals in both groups from controls, while there is considerable overlap between controls and UCLA and CP groups with smaller Procrustes distance between their means and the controls. But, thisdistance remained statistically significant
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. When we add the mean size to the shape of To explore Differences between the group means an approach called principle component analaysis was undertaken to reduce the dimensionality of the data but, retaining the statistical estimates for shape differences. PC1 separates the cleft lip group means according to the severity of the defect. While PC2 distinguish the cleft palate group mean from the rest.
 group the variability  : BCLP and UCLP are most different from controls in shape, and CP is also rather different from the control mean form and the other cleft groups
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PC 3 the control and CP group scores represent least asymmetry. UCLA and UCLP have progressively greater positive scores indicating progressively more asymmetry while the BLCP group has a slightly more negative score . This (Fig 4) represents asymmetric widening of the nose..




PC1 PC2 PC3

Shape variability in form space
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it can be seen that the shape variability represented by increasingly positive PC1 scores comprised a symmetric broadening and indrawing of the nasal tip and subnasal region.   In contrast increasingly negative PC2 scores (Fig 4) represent a reduction in mid and lower face height with symmetric narrowing and projection of the nasal and subnasal region.  On PC 3 (Fig. 3B) the control and ICP group scores approximately represent least asymmetry. UCLA and UCLP had progressively greater positive scores indicating progressively more asymmetry while the BLCP group had a slightly more negative score. The results reflect differences in the aetiology and growth pattern of cleft palate compared with cleft lip and palate groups. The most severely affected groups in terms of form are those with defects  involving the lip, alveolus and palate (UCLP and BCLP) while small size of especially the mandible seems to be a feature of CP as does much less disruption of form of the nasal and subnasal regions 




Form asymmetry analysis
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The Procrustes distances between group means and their reflections (Table 2) indicate that the control and CP groups are least, the UCLP and UCLA groups most and the BCLP group moderately asymmetric. represents an aspect of naso-labial asymmetry shared only by the UCLA and UCLP groups. 



Landmarks Control CP UCLA UCLP BCLP
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Thank you for attention
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