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Introduction
Face analysis had been quite important in studies of health-
related concerns (O’Callaghan et al 1991; Lohr et al 1997; 
Hammond et al 2001; McGrath et al 2002). While there are 
studies that show minor anomalies occuring in normal human 
populations at low frequencies, deviations from normal values 
can be indicative of a health problem (Hammond et al 2001; 
McGrath et al 2002). Studies on craniofacial anthropometry 
have allowed for identification and quantification of syndromic 
clinical features, treatment planning, monitoring of operative 
outcomes, and assessment of longitudinal change (Deutsch & 
Farkas 1994; Farkas & Deutsch, 1996). Anthropometric stud-
ies on the face had been limited to measurement using tradi-
tional instruments (e.g., sliding and spreading calipers) during 
an examination (Douglas 2004). Landmarks have been used in 
qualifying cranial variation like measuring and comparing lin-
ear, angular and surface contours and proportions in people. For 
many years 47 landmark points were identified to describe the 
face (Farkas 1996; Douglas et al 2003; Douglas 2004). While 
direct anthropometric measurements are reliable and inexpen-
sive to make, it is labor-intensive, time-consuming and requires 
on-site expertise especially those requiring serial measurements 
of those abnormalities in craniofacial disorders that undergo 
changes in time (Deutsch & Mulliken, 2001; Mulliken et al 
2001). To minimize these concerns, the use of computer-based 
techniques to capture craniofacial surface images including 

advances in computational biology and image analysis and sev-
eral other methods were explored to minimize the problems of 
conventional anthropometric measurements (Turk & Pentland 
1991; Craw et al 1992; Yang & Huang 1994; Lanitis et al 1995; 
Kjeldsen & Kender 1996; Rowley et al 1998; Schneiderman & 
Kanade 1998; Yang et al 2002; Grayson et al 1988; Al-Omari et 
al 2005). Of these, the new method of ‘geometric morphomet-
rics’ (GM), an adaptation of multivariate statistics and graph-
ics for study of phenotypic variation proved to be useful for 
detection of form changes and is very useful in understanding 
shape variations in living organisms thus we used it for study-
ing hypertensive women. Since edema is also closely linked 
with hypertension, and because the accumulation of an exces-
sive amount of body fluid in the tissue spaces between cells or 
in body cavities are noticeable in the overall physical appear-
ance of the individual especially the face (Stephan et al 2005), 
the changes to the faces of hypertensives caused by edema will 
be described using GM methods. 

Materials and Methods
A survey was made for both hypertensive and non-hyperten-
sive women after they were formally asked to participate in the 
study. Formal consent from the participants was secured and 
their identity was made confidential. Upon approval, the digi-
tal images of faces of one hundred eight hypertensive (N=54) 
and non-hypertensive (N=54) females from the same age group 
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were digitized using tpsDig2. Object symmetry, where frontal 
face images are utilized, is applicable in this case and a single 
landmark configuration provides information about asymmetry 
and about the left-right average of shape. The methodological 
approaches of geometric morphometrics (GM) make use of two-
dimensional coordinate data to describe size and shape at the 
same time (Rohlf &  Bookstein 1990; Marcus et al 1996; Dryden 
& Mardia 1998; Slice 2005, 2007). In this method, the relative 
locations of a set of individually identified points or “landmarks” 
are identified as biometric variables, the ‘shape coordinates’, 
that can then be regressed one by one on the factors that cause 
them or the features of the systems they are presumed to affect. 
The statistical properties of GM have been proven superior to 
those of distance-based or angle-based methods (Rohlf 2004, 
2006, 2007) and the supply graphics are far more legible and 
interpretable to the applied biologist thus the tools of GM was 
therefore used in describing differences between the faces of 
hypertensive and non-hypertensive women. The method of GM 
which is based on the study of landmarks, have made it easier to 
parameterize shape in this way, to visualize shape change and 
test hypotheses statistically thus are used in this study. 
This single configuration contains all the information that anal-
yses of matching symmetry consider separately for the left and 
right sides, but it also contains additional information on the 
arrangement of the two halves relative to each other. The anal-
ysis would therefore include an additional preliminary step: 
reflecting all configurations from one body side to their mirror 
images. The variation among individuals is analyzed using the 
averages of the left and right configurations, and asymmetry is 
measured from the differences between configurations from the 
left and right sides of each individual (Klingenberg et al 2002). 
Measurement error is assessed by digitizing each landmark con-
figuration thrice in three different sessions and computing the 
differences between replicates, all of which will be done using 
tps series of programs by Rohlf (2006).       
Figure 1 shows the location of the landmarks and the charac-
teristics are presented in Table 1. Landmarking was done with-
out changing the orientation using tpsDig2 software. This was 
done three times in three different sessions thus completing three 
replicates. This is needed to quantify and minimize measure-
ment error (Palmer 1994; Klingenberg et al 1998). The software 
SAGE was used to reflect the landmarks on one side of the face 
to their mirror image to align corresponding landmarks on both 
sides. Both landmark configurations on the left and right sides 
of the faces were scaled to have the same unit centroid size. The 
centroid sizes of the left and right sides of the faces were deter-
mined by calculating the square root of the sum of the squared 
distances from the landmarks to the common centroid or the 
geometric center. Then, a technique in SAGE was applied to 
superimpose the left and right sides of the faces by shifting the 
left and right centroids to a common set of x and y coordinates 
[0, 0]. Then, the landmark configurations from both sides of the 
faces were rotated around their centroids to achieve the optimal 
fit of corresponding landmarks. This is a least-squares approach 
where the optimal fit minimizes the sum of the squared devia-
tions between the paired landmarks. Then, the difference be-
tween homologous landmarks on right and left sides of the face 
was calculated as xyil- xyir. The total difference between land-
marks within an individual is was calculated as  Σ=(xyil- xyir)/k 

where k = the number of landmarks. The xyil- xyir in the formula 
is conceptually the same as (li-ri)/[(li+ri)/2], which is the most 
common index of asymmetry for a single trait. In summary, the 
magnitude of facial asymmetry for each respondent was meas-
ured following three steps. First step, reflected copies of each 
landmark were generated by reversing the side of its x-coordi-
nate. Then, the Procrustes average of each face is then defined 
as the middle of the line passing between the original landmark 
and the reflected copy of the corresponding landmark. The new 
face shape created by connecting these average landmarks is 
perfectly symmetrical. Lastly, the asymmetry of each face is 
calculated as the difference between the original and the mirror 
configurations, or equivalently, the landmark deviations of the 
original configuration from the average landmarks.

Figure 1. Landmarks on the frontal face image (photograph used 
with permission from the subject)

Results 
Using the 41 landmarks, the scatter plots show significant shape 
differences between hypertensive and non-hypertensive women 
(Fig. 2). This result confirms studies that the face of hyperten-
sives differs from non-hypertensives (Table 2). Significant dif-
ferences in face shapes of the two women groups can be seen 
based on the distribution of the samples along the first two com-
ponent axes (Fig. 2).

Discussions
The results of this study confirm the many studies that there are 
changes in the face of people with chronic diseases such as di-
abetes, hypertension and arthritis (Hagley 2005; Murphy et al 
2004; Fogel 2005; Martin-Gronert & Ozanne 2006; Marvicsin 
2008; Demayo et al 2010). Other studies also show craniofa-
cial changes in people with behavioral disorders such as schiz-
ophrenia (O’Callaghan et al 1991; Nopoulous et al 1997; Lane 
et al 1997; Lohr et al 1997; Waddington et al 1999; McGrath 
et al 2002; Buckley et al 2002; Hennessy et al 2004) and those
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Table 1.  Craniofacial landmarks (frontal image)

No. Landmark Region Definition/Description
1 Nasion (n) Face The midpoint of the nasofrontal suture

2, 3 Superciliare (sci) Orbits The highest point on the upper margin of the middle portion of the 
eyebrow

4, 5 Frontozygomaticus  (fz) Head The most lateral point on the frontozygomatic suture

6, 7 Palpebrale superius (ps) Orbits The highest point on the upper margin of the middle portion of the 
eyelid

8, 9 Endocanthion (en) Orbits The inner corner of the eye fissure where the eyelids meet, not the 
caruncles (the red eminences at the medial angles of the eyes)

10, 11 Exocanthion (ex) Orbits The outer corner of the eye fissure where the eyelids meet
12, 13 Palpebrale inferius (pi) Orbits The lowest point in the middle of the margin of the lower eyelid
14 Sellion (s) Nose The deepest point of the nasofrontal angle

15 Pronasale (prn) Nose The most protruded point of the nasal tip

16, 17 Lateral subalare Nose Medial to alare (the most lateral point on the nasal ala), it is the inner 
wall of the nose

18 Subnasale (sn) Face
The junction between the lower border of the nasal septum (the 

partition that divides the nostrils) and the cutaneous portion of the 
upper lip in the midline

19 Labiale superius (ls) Orolabial The midpoint of the vermilion border of the upper lip

20, 21 Crista philter (cph) Orolabial The point on the crest of the philtrum, the vertical groove in the median 
portion of the upper lip, just above the vermilion border

22, 23 Cheilion (ch) Orolabial The outer corner of the mouth where the outer edges of the upper and 
lower vermilions meet

24 Stomion (sto) Orolabial The midpoint of the labial fissure when the lips are closed naturally
25 Labiale inferius (li) Orolabial The midpoint of the vermilion border of the lower lip

26 Sublabiale (sl) Face The midpoint of the labiomental sulcus
27 Pogonion (pg) Face  The most anterior point in the middle of the soft tissue chin
28 Gnathion (gn) or menton Face The lowest point in the middling on the lower border of the chin

29, 30 Tubercular face The slight depression of the jawline somewhere between the gnathion 
and the gonion

31, 32 Gonion (go) Face The most lateral point at the angle of the mandible
33, 34 Zygion (zy) Face The most lateral point on the zygomatic arch

35, 36 Supra subalare Nose the slight notch on the anterior nasal wall somewhere between the alare 
and pronasale;  usually at the level of the subalare

37, 38 Lateral pronasale Nose Slight depression on each side of the pronasale
39, 40 Superior alare Nose The outer margin of the most flared portion of the nose

41 Infrapronasale nose The point below pronasale, usually the point between the pronasale and 
the subnasale

Non-hypertensive Hypertensive
Individual Side Interaction Measurement error Individual Side Interaction Measurement error

SS 0.977 0.024 0.161 0.128 SS 1.189 0.016 0.232 0.091

Df 2067 39 2067 8424 Df 2067 39 2067 8424

MS 0.001 0.001 0.000 0 MS 0.001 0.000 0.000 0

F 6.081 8.034 5.107 -- F 5.118 3.742 10.464 --
P <0.000 <0.000 <0.000 -- P <0.000 <0.000 <0.000 --
SS –  sum of squares; df – degrees of freedom; MS – mean squares;  F statistic; P – level of significance (significant values are presented in 
bold fonts)

Table 2. Procrustes ANOVA in frontal face images of female individuals
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Non-hypertensive Hypertensive

PC1 (33.43%)

Landmark 1 shows downward displacement; The 
landmarks of the eye area are displaced downward 
(6, 7, 12, 13), downward and obliquely (2, 4, 10 to 
the right and 3, 5, 11 to the left); nose landmarks 
(15-18; 35-41) as well as upper lip (19-21, 24, 
25), upward cheek landmarks (33 and 34) in 

downward and outward directions;  jaw: 29 and 
30 – downward; 31 and 32 are displaced outward 

to a greater degree; Chin (28) downward

PC1 (28.87%)

jaw landmarks (28-32) are displaced upward and 
inward; downward displacement of landmarks of the 
nose (numbers 15-18, 35-41) and mouth (numbers 
19-21, 24); upward displacement of the chin (28); 

upward displacement of the cheeks (33-34); very slight 
movements of the eyes: 6 and 10 upward and outward to 
the right; 7 and 11 upward and outward to the left; Very 
notable is the direction of movements of the landmarks 

involved, most of which are opposite compared to 
movements exhibited by landmarks of the Non-

hypertensive females.   

PC2 (13.67 %)
Variation involves mostly the lateral landmarks 

of the jaws (29-32) which are displaced at a quite 
greater degree to posteromedial directions.

PC2 (17.74%)

Greatly due to movements of jaw landmarks 29 to 32 
downwards and towards the middle; cheeks (33 and 34) 
medially directed; upward movement of the nasion (1);  
slight movements of the eye (2, 4, 6, 8, 10, 12 upward 
and centrad from the right; 3, 5, 7, 11, 13 upward and 

centrad from the left); chin (26) downward; mouth 
region (19-21, 24-25) slightly  downward

PC3  (9.12%)

Inward displacements in the  area of the eyes (2, 
4, 6, 12 coming from the left; 3, 5, 7, 13 coming 
from the right) and cheeks (33 and 34); Outward 
displacements of jaw region (29, 31 coming from 
the right and 30, 32 coming from the left) ; Chin 

(26-28) shows downward movements

PC3 (11.17%)

Jaw landmarks 31 and 32 are displaced downwards; 
29 (from the right) and 30 (from the left) downwards 

and  towards the midline; Eyebrow area shows outward 
displacements:  2 and 4 to the right, 3 and 5 to the left; 
Chin landmarks 26-28 and lower lip (25) upward; Very 

slight downward shift of the tip of the nose (15)

PC4 (7.06%) movements of the jaws (31 and 32) downward and 
towards the center PC4 (7.70%)

Eyebrow show downward and outward movements: 2 
and 4 to the right;  3 and 5 to the left; cheek area shows 
upward and outward displacements: 33 to the right and 
34 to the left; downward movement of nasion (1)

PC5 (5.05%) slight downward and inward displacement in the 
jaws (31-32) PC5 (5.59%)

Jaws show upward and outward movements:  29 to the 
right and 30 to the left; Nose:  35-36 upward;  15 very 

slightly upward; Lip: 19 and 24 very slightly downward

Table 3. PCA-implied deformation for individual variation of directional asymmetry frontal images of non-hypertensive 
and hypertensive females

Non-hypertensive Hypertensive

PC1  (35.63%)

movements of the cheek landmarks 33-34 to the 
right; jaw landmarks 29-32 to the right eyebrow: 

4, upward to the right and 5, downward to the 
right

PC1 
(41.92%)

Great degree of displacement of cheek (33-34) to the 
right jaws (29-32) towards the right; slight degree of 

displacement of the nose landmarks to the  left (15, 18, 
35-41)

PC2 (15.74%)
very slight leftward displacements of yebrow 
landmarks 4 and 5  (blue arrows are barely 

visible)

PC2   
(14.40%)  

Chin: landmark 28 to the left eyebrow landmark 2 
midanteriorly, landmark 4 anteriorly (both from the right 

side); landmark 3 posteriorly to the left, landmark 5 
posteriorly 

PC3 (10.34%)
Eyebrow landmark 3 upward to the right 31 

(jaw) upward to the left; bottom of chin’s (28) 
movement to the right 

PC3 (8.10%)

cheek landmarks: 33 (from the right) is displaced upward 
to the center; 34 (from the left) is displaced downward and 
outward jaws: 31 (from the right) is displaced upward;  32 

(from the left) is displaced downward 

PC4 (6.41%)

all landmarks contribute equally  to the variation 
as shown by the absence of the blue arrows 

though there is a noticeable distorted area at the 
nose region

PC4 (6.71%) involves upper cheeks landmarks 33 and 34 which are 
displaced anteriorly and posteriorly, respectively

PC5 (5.44%)

all landmarks contribute equally  to the variation 
as shown by the absence of the blue arrows 

though there is a noticeable distorted area at the 
mouth region

PC5 (5.51%)

involves eyebrow landmarks 2 at the right side (moved 
obliquely anterior to the right),   3 at the left side (moved 
obliquely posterior to the right); cheek landmarks show 

obliquely directed displacements, 31 at the right side 
(moved midposteriorly) and 32 from the left side (moved 

anteriorly) 

Table 4. PCA results for fluctuating asymmetry of frontal images of Non-hypertensive and hypertensive females.
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with a genetic disorder such as Fetal alcohol syndrome (Astley 
& Clarren, 1995; Astley & Clarren, 1995, 1996, 2000; Moore 
et al 2001, 2002, 2007; Meintjes et al 2002; Mutsvangwa & 
Douglas, 2007; Fang et al 2008). Studies on the changing face 
of people with chronic diseases such as diabetes, hypertension 
and arthritis were argued to be accounted for by either ma-
ternal nutrition during pregnancy (Martin-Gronert & Ozanne 
2006), diet (Merchant et al 2007) and the environment (Fogel 
2005) or it can also be due to the fact that a majority of hyper-
tensives are fat which have been observed with thicker skin 
on the face (Demayo et al 2010). A majority of hypertensives 

have edematous face characterized by puffiness around the 
eyes just like diabetics (Demayo et al 2010) and could explain 
the compressed appearance of the mean face of hypertensives 
(Healthyroads: Edema 2000). 
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Figure 3.  Procrustes fit of (a) original and (b) original (red) and reflected (blue) data of female facial front images

Figure 2.  Scatterplot showing relationship between and among hypertensive (red) and Non-hypertensive (blue) females
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