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Abstract
Objective: The variance of cephalometric points depends not only on the variability of the points themselves but on the magnitude of the distances 
between them. The study was undertaken to test the effect of standardizing the variance by dividing it by the mean distance to give the standardized 
variance.

Materials and Methods: 5 centroid points and 18 anatomical points were located on 60 tracings of lateral cephalometric radiographs. The distances 
between each point and every other combination of points were measured. The mean distance, mean variance and standardized variance was 
calculated for each pair of points.

Results: Regression analysis was performed for each combination of mean distance, mean variance and mean standardized variance. The mean 
distance accounted for 33% of the variation in variance but only 2% of the variation in standardized variance.

Conclusions: Standardizing the variance virtually eliminated the effect of distance on variance. Centroid points were consistently less variable than 
anatomical points.
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Introduction
When successive tracings or radiographs are superimposed, there 

must be a reference system common to all records to make valid 
comparisons. The ultimate biological correctness of any description 
of growth or treatment outcome will depend on the stability of the 
reference points chosen. If growth is described by the changes of all 
other structures relative to a given set of reference points, then an 
arbitrary selection of another set of reference points will lead to still 
another description of growth.

Johnson introduced centroid analysis in 1960 [1] by finding the 
centre of area of an irregularly shaped outline. This was originally 
derived by cutting out the outline in cardboard and suspending it 
from two separate points and drawing in a vertical line. Where the 
two lines intersect is the centre of gravity or centre of area of a shape 
of uniform weight. Computer programs are now available to perform 
this operation. Centre of gravity was the invention of Archimedes 
[2]. This is a single point where the average weight or gravity acts 
coinciding with the geometrical centre, which is the point of balance. 
The centroid is based upon the law of moments. Newton used the 
centroid concept in the formulation of his laws of motion and 
universal gravitation [3].

The centroid or centre of area of an image represents the mean 
point within a shape about which it varies in space. Like other means, 

centroid points are subject to least variation relative to non-mean 
anatomical points. In the same way the distribution of the means of 
samples of a population shows less variation than the distribution of 
the individual values, that is, the standard error is always less than 
the standard deviation, figure 1. The centroid of the whole skull 
outline lies on the same plane as the centroids of the cranium and face 
components divided along the cranial base to form the craniofacial 
centroid plane. This forms a more stable reference plane than the 
sella-nasion plane or any other plane based on anatomical points [1]. 

Evidence that centroid points are less variable than anatomical 
points has been derived by comparing the variation of angles and 
distances between every combination of pairs of defined lines and 
points, both anatomical and centroid. The mean variance can then 
be calculated for each of the angles and points measured. Centroid 
angles and points come out with the least variance in such studies 
[4-8].

Pairs of points are often correlated with each other since they are 
anatomically interdependent. This was described as topographic 
correlation by Solow B [9]. Topographical correlation can also be 
reduced by using polar co-ordinates from the craniofacial centroid 
to measure circular variance [10]. However, the variance will not 
only depend on the variability of the points between which distances 
are measured and also the magnitude of such distances. Variance is 
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influenced by the distance between the points as well as their intrinsic 
variability. By compensating for the distance between the points this 
confounding factor is virtually eliminated providing a more valid 
measure of standardized variance. To eliminate the influence of 
different values for distance between points the variance was divided 
by the mean distance to give the standardized variance. No one has 
previously standardized the variance for differing distance between 
the points. For this reason the following study was undertaken to 
investigate the effect of standardizing for magnitude of distance. This 
method validates the stability of centroid points as a reference system 
to study craniofacial growth. Where such centroid points do move 
during growth this indicates a highly significant change.

Materials and Methods
A retrospective analysis was performed on 60 lateral cephalometric 

radiographs. These were taken on standard lateral cephalometry 
equipment with a 5 feet tube film distance and the central axis of the 
x-ray beam in line with the cephalostat ear posts. The patients were 
orientated with the Frankfort plane horizontal. The cephalometric 
radiographs were all taken at the Department of Orthodontics, 
Royal Preston Hospital, Preston, England, on Siemens equipment. 
Cephalometric tracings were taken from the radiographs and scanned 
into a laptop computer. The tracings were performed manually using 
a sharp pencil on acetate paper over an illuminated opal light box. 
Centroid analysis was performed by the Autoceph program specially 
written for this task. This was developed by Roger Wordsworth of the 
Information Technology Department of the Royal Preston Hospital. 

The software provides standard ceohalometric analysis by defining 
points, planes and angles. In addition centroid analysis was performed 
by finding the centre of area of a defined outline. It was also capable of 
measuring the distance between any two specified points.

The following anatomical points were located: figure 2. S (Sella), N 
(Nasion), ANS (Anterior Nasal Spine), PNS (Posterior Nasal Spine), 
A (Subspinale), B (Supramentale), UIE (Upper Incisal Edge), UIA 
(Upper Incisal Apex), LIE (Lower Incisal Edge), LIA (Lower Incisal 
Apex), Me (Menton), Go (Gonion), Ba (Basion), Oca (Occipital 
condyle apex), Eop (External Occipital Protuberance), La (Lambda), 
Br (Bregma), Gl (Glabella).

The following centroid points were generated from outlines of the 
total skull and cranium and face components: figure 2 CFC (Cranio 
Facial Centroid), CC (Cranial Centroid), FC (Facial Centroid), UFC 
(Upper Facial Centroid), LFC (Lower Facial Centroid).

The centroid of the cranium, face and total skull outline all lie on a 
straight line, the craniofacial centroid plane.

The following angles were measured relative to the craniofacial 
centroid plane: FCL (Facial Centroid Plane; line joining UFC to 
LFC), A-B (Dental Base), UIE-UIA (Upper incisor long axis), LIE-
LIA (Lower incisor long axis), Go-Me (Mandibular plane), ANS-PNS 
(Maxillary plane), S-N (Sella Nasion plane).

The distances between each point and every other combination of 
points were measured. This was performed for both the 18 anatomical 
and 5 centroid points. For example CFC-CC, CFC-FC, CFC-UFC, 
CFC-LFC, CFC-S, etc: Followed by CC-FC, CC-UFC, CC-LFC, CC-S, 
etc: FC-UFC, FC-LFC, FC-S, FC-N, etc: and so on until all the possible 
combinations were exhausted. This was performed for each of the 60 
radiographs. The mean distance, mean variance and standardized 
variance was calculated for the 60 values for each pair of points.

All linear measurements were corrected for magnification by the 
Autoceph program using the millimeter scale on the cephalograms 
for each individual patient. For valid comparisons it is important to 
correct the magnification as these vary between different studies and 
even between individual patients within the same study [11].

Figure 1: The normal distribution about the mean for individual 
values and mean values.  

Figure 2: Anatomical and centroid points used in the study together 
with centroid planes.
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The mean variance for each individual point was calculated by 
adding the variance for all the distances between one particular point 
and all the other remaining anatomical and centroid points. The total 
variance was then divided by the total number of points (23) to give 
the mean variance for a particular point. The process was repeated 
for each remaining anatomical and centroid point providing each 
individual point with a mean value for mean variance, table 3. The 
exact same procedure was repeated for standardized variance, table 4.

The mean variance for the 5 centroid points (18.8 CI 16.4-21.1) 
was less than that of the 18 anatomical points (37.4 CI 26.2-48.7). The 
difference was statistically significant using a Mann Whitney U test 
(p<0.001), and the confidence intervals did not overlap.

The mean standardized variance for the 5 centroid points (23.1 CI 
20.2-25.9) was again less than that of the 18 anatomical points (40.0 
CI 38.4-41.5). The difference was statistically significant using a Mann 
Whitney U test (p<0.001), and the confidence intervals did not overlap.

Discussion
The present study clearly demonstrates that centroid points are less 

variable than anatomical points both in terms of angular and linear 
measurements. This finding is consistent with the results of previous 
studies. The exact order of variance seems to differ between different 
studies or even the same study on different data sets [5,10]. This is 
believed to be due to correlations between anatomical points which 
can modify the actual order of hierarchy. In theory the centroid of the 
total skull (craniofacial) should show the least variance because this 
represents the largest area. This should be followed by the cranium, face, 
lower face and upper face in terms of decreasing area and increasing 
variance. The results of the present study compared favourably to the 
only previously published state of the art methods [5,10].

Mean distance accounted for 33% of the variation of the variance 
but only 2% of the variation in standardized variance. Hence 
standardizing the variance virtually eliminated the effect of varying 
distance between points on the variance. Standardizing the variance 

Results
The mean variance for the angular measurements of the various 

planes relative to the craniofacial centroid plane is shown in table 1. 
The facial centroid plane had the lowest variance and was ranked first. 
The second least variable was the Sella Nasion plane and the incisor 
inclinations demonstrated the greatest variation.

The 5 centroid points were calculated and the 18 anatomical points 
were located. The distance between every combination of anatomical 
and centroid points was measured by the Autoceph program. The 
mean distances and variance was calculated for each combination of 
points for the 60 radiographs. The mean variance was standardized 
by dividing it by the mean distance and multiplying by 100 to give the 
mean standardized variance. 

A linear regression model was used for the parameters mean 
distance and variance as well as mean distance and standardized 
variance and also variance and standardized variance. The results 
of regression analysis for each combination of mean distance, mean 
variance and mean standardized variance, are shown in table 2. It can 
be concluded that mean distance accounts for 33% of the variation in 
variance but only 2% of the variation in standardized variance. Hence 
standardizing the variance virtually eliminated the effect of mean 
distance on variance. However, the standardized variance still accounts 
for 65% of the variation in variance and is therefore a representative 
measure of this.

The mean standardized variance for all the distances between 
each set of two anatomical points was calculated as was the mean 
standardized variance between each set of anatomical and centroid 
points and each set of two centroid points, figure 3. It can clearly be 
seen that centroid to centroid point distances have the least variance 
followed by centroid to anatomical point distances, the anatomical to 
anatomical point distances having the greatest variance. Standardized 
variance is a more valid and reliable method of establishing that 
centroid points provide a more stable reference system.

Plane Mean Variance Rank

FCL 4.88 1

N-S 8.13 2

ANS-PNS 13.00 3

A-B 23.59 4

Go-Me 45.87 5

UIE-UIA 57.07 6

LIE-LIA 67.49 7

Table 1: Mean variance cephalometric angles relative to craniofacial 
plane.

r2 Mean Distance Mean Variance Mean Standardised 
Variance

Mean Distance --- --- ---

Mean Variance 0.33 --- ---

Mean 
Standardised 
Variance

0.02 0.65 ---

Table 2: Regression analysis.

Figure 3: Standardised Variance for distances between centroid 
points (C-C), centroid and anatomical points (C-A) and anatomical 
points (A-A).
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improved the hierarchical order of variance but did not completely 
achieve the ideal theoretical order, table 4. Standardizing the variance 
obtained a better estimation of true variance because the confounding 
influence of differing distances between the points measured was 
largely eliminated.

In the present study, table 1 the facial centroid plane (FCL) showed 
least variance followed by S-N, ANS-PNS, A-B, Go-Me, UIE-UIA, 
LIE-LIA. This was exactly the same order as in the only previous study 
by Johnson & Hubbold [5] on their main data set of 207 subjects (Table 
3 of their study) but different from their pilot study on 33 subjects 
(Table 2 of their study).

In all the various studies, centroid planes were least variable; the 
incisor long axes were most variable with other reference planes 
somewhere between the two. The S-N plane was more variable than 
the CFC but was second least variable compared to other anatomical 
planes measured. S-N is one of the most commonly used reference 
planes in cephalometric analysis. You QL, Hagg U [12] showed that 
Panchertz’s method of superimposition on S-N at S had a higher 
coefficient of reliability than either Bjorks structural or Ricketts four-
position methods. The present study clearly demonstrates that centroid 
points are superior reference points in cephalometric analysis because 
they have least variance compared to anatomical points. 

Centroid analysis has been used to study craniofacial growth. 
Trenouth MJ [13] applied centroid analysis to the mean outlines of 
the skull from 1 to 18 years derived from the Bolton growth study. The 
Reference profile angle between the craniofacial centroid plane and 

Point Mean Rank

CFC 15.65 1

CC 21.60 5

FC 17.74 3

UFC 17.25 2

LFC 21.62 6

S 21.97 7

N 28.24 13

ANS 26.11 10

PNS 21.23 4

A 24.43 9

B 27.99 12

UIE 26.58 11

UIA 23.48 8

LIE 31.39 17

LIA 29.44 14

Me 38.74 19

Go 47.87 21

Ba 29.68 15

Oca 36.49 18

Eop 126.03 23

La 60.81 22

Br 43.27 20

Gl 30.06 16

Table 3: Mean variance.

Point Mean Rank

CFC 19.18 1

CC 20.71 2

FC 24.75 4

UFC 23.21 3

LFC 27.43 5

S 29.21 6

N 33.81 14

ANS 33.16 12

PNS 3O.22 8

A 31.60 10

B 32.65 11

UIE 31.60 10

UIA 31.34 9

LIE 33.95 16

LIA 33.22 13

Me 37.99 17

Go 54.78 21

Ba 40.76 18

Oca 47.47 20

Eop 111.01 22

La 41.00 19

Br 30.11 7

Gl 35.22 15

Table 4: Mean standardized variance.

facial centroid plane was found to decrease during growth which is 
associated with bimaxillary prognathism [14,15]. The centroid of the 
lower face moves forwards relative to the other centroids indicating 
prolonged growth of the lower face beyond that of the upper face. As 
yet no growth prediction studies have been performed using centroid 
points.

Trenouth MJ [16] also used centroid analysis to study prenatal 
growth. The centroid of the upper face moved forward relative to the 
lower face, indicating forward growth of the maxilla in excess of much 
smaller growth of the mandible. The protrusion of the maxilla was 
produced by flattening out of the cranial base due to brain growth [17].

Trenouth MJ [8] used centroid analysis to evaluate treatment 
outcome for the Twin block appliance. The reference profile angle 
decreased indicating an improvement in the dental base relationship. 
There was forward movement of the lower face centroid but not 
the upper face centroid which was unchanged, indicating forward 
movement of the mandible. This was further confirmed by statistically 
significant increases in the distances CFC to point B, Menton and 
lower incisor apex and edge. The upper incisors retroclined with a 
statistically significant decrease in the distance CFC to upper incisor 
edge, the apex remaining unchanged. 

Mackay F, et al., [18] applied centroid analysis to adults with class 
III malocclusions prior to orthognathic surgery. Cluster analysis 
produced 5 subgroups. All subjects had a degree of mandibular 
prognathism while 14% had maxillary retrognathism and 58% 
increased lower face height. Centroid analysis has also been used to 
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compare facial morphology of Chinese, Indonesians and Europeans 
[19]. Class III skeletal pattern was more prevalent in the Chinese, Class 
II in Europeans, whilst Indonesians were predominantly Class I with 
bimaxillary prognathism. Centroid based methods have even been 
used to investigate palaeolithic hand axes and Egyption pottery [20]. 

Centrographic analysis, introduced by Fishman, [21] also uses 
centroids but these are centres of a geometric form usually a triangle. 
They are derived by connecting the triangular vertex to the midpoint 
of the opposite side in at least two instances, where the two lines 
intersect is the centre of area of the triangle or centrographic centroid. 
This method is simpler to perform because it only requires the 
marking of a minimum of 4 points (Ba, Na, Gn, A). It is highly likely 
that centrographic points are less variable than anatomical points 
but no variance studies have been published. More recently various 
applications of this method has been used by Dolce C et al., [22]; 
Murata S, et al., [23]; Murata S [24]; Al-Shahrani IS, et al., [25]; Nehete 
AB and Hazare PV [26]; Yagci A, et al., [27]; Jayapal J, et al., [28]. 

Abraham RA, Sundareswaran S [29] compared Rickets, Pancherz 
and Centrographic methods of superimposition and found all three 
to be equally reliable. However centrographic analysis provided 
more stable reference points. During Twin block treatment the 
Facial centroid axis maintained a relatively stable special position. 
Forward movement of the lower facial centroid occurred in all cases 
treated with the Twin block appliance. This finding indicated a true 
mandibular skeletal change, confirming the finding of Trenouth MJ 
[8]. By using centroid analysis it was possible to locate the exact sites 
where treatment changes occurred because of the stability of Facial 
centroid reference axis.

Summary and Conclusions
•	 Centroid points are less variable than anatomical points.
•	 Standardising the variance virtually eliminates the effect of 

varying distance between points on the variance.
•	 The craniofacial centroid plane provides a stable reference 

structure from which to measure changes during growth and 
treatment.
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