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Alec Nazih Elchahal 

A Comparison of the Apparent landmark Changes in Sequential Radiographs 

Measured by Four Methods of Cephalometric Superimposition 

(Under the direction of Carl M. Russell) 

Changes in growing individuals are evaluated by comparing tracings of 

cephalometric radiographs taken at different times. The methods of 

cephalometric superimposition differ according to the planes or anatomic 

structures used as references. It is not presently known if the superimposition 

method used has . any effect on growth interpretation and evaluation of 

orthodontic therapy. 

This study compa~ed four different methods of cephalometric 

superimpositions on the cranial base by investigating the differences in 

landmarks changes between methods. Tracings of pretreatment and 

posttreatment cephalograms of 30 patients were superimposed according to the 

following methods: 1-Sella-Nasion @ Sella, 2-Frankfort horizontal @ Ptv, 3-

Basion-Nasion @ CC, and 4-Basion horizontal @ Basion. Differences in the 

amount of changes among the superimposition methods · were assessed 

independently for the following landmarks: ANS, PNS, A point, B point,· 

Pogonion, and Gonion. 

The results revealed statistically significant differences (ps0.05) among 

the methods for four out of the six landmarks studied. For the landmark ANS, 

there was a significant difference between FH @ Ptv and the rest of the 

methods. FH @ Ptv was also significantly different then SN @ S for point A 

with no difference among the three remaining techniques. For points Pogonion 

and Gonion, there \Vas a significant difference between FH @ Ptv and BN @ 



CC. Furthermore, there was a significant difference between FH @ Ptv and BN 

@ CC for point Gonion. 

These results show small but statistically significant differences among 

the methods of superimposition. This suggests caution in interpreting the 

longitudinal information from each method by a 9ommon set of guidelines. The 

clinical significance of the small differences ( ~ 1.2 · mm ) in the methods is a 

topic for future research. 
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I. INTRODUCTION · 

A. STATEMENT OF THE PROBLEM 

Since Its introduction in 1931, radiographic cepghalometry ( Broadbent, 
I 

1931; Hofrath, 1931) has evolved to become a cornerstone of clinical and 

research orthodontics. Among the routine procedures in any orthodontic office 

today are the obtaining, tracing, and analyzing of cephalometric radiographs. 

The information derived from analysis of lateral cephalometric radiographs 

includes: 

• An accurate appraisal of jaw relationships 

• Maxillary dental relationship to the maxilla 

• Maxillary dental relationship to the cranial base 

• Mandibular dental relationship to the mandible 

• Mandibular dental relationship to the cranial base . 

• Soft tissue relationship to the bony support 

• Growth and treatment changes followed with the use of 

superimposed tracings of bony anatomic landmarks on serial 

radiographs. 

Thus, the lateral cephalogram is used to provide information about the sagittal 

and vertical spatial relationships of various soft and hard tissues in the head. 

The relationships of these structures to each other are measured quantitatively 

by means of linear and angular measurements which can be used to formulate 

a cephalometric analysis. The additional benefits of studying a patient's growth 

pattern through the use of serial lateral cephalograms and comparing that 

1 
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growth pattern to accepted norms· has helped nurture the interest in the use and 

refinement of this valuable diagnostic aid. 

The use of cephalometric analysis can generally be grouped under two 

headings: 1- Diagnosis and treatment planning, where a static analysis is used 

to study a patient's cephalogram, and, 2- Evaluation of growth and treatment, 

where. spatial changes. in the jaws of a growing individual are evaluated by 

·superimposing cephalometric tracings made at different time intervals. The 

methods of superimposition differ according to which reference structures are 

used to accomplish the superimposition. To evaluate facial changes, the 

reference structures must be relatively stable over time, and must be located 

outside the face (Ghafari, 1987). Unlike the facial skeleton, the cranial base 

grows rapidly in early postnatal life reaching 91% of its final size by 4-5 years of 

age ( Enlow, 1982). For this reason, the cranial base is considered to be a 

satisfactory reference for cephalometric superimposition. Various investigators 

have selected different structures and landmarks within or around the cranial 

base and used them to define reference planes and registration points for 

cephalometric superimposition in studies of a patient's growth pattern (Bjork, 

1955; Broadbent, 1937; Brodie, 1941; Goben, 1955; Downs, :1952; Graber, 

1954; Ricketts, 1'961). 

In theory, the use of cephalometric superimposition should allow the 

orthodontist to measure, analyze, and ultimately predict a patient's growth 

pattern. Determining the effects of growth or treatment, however, requires 

knowledge of the sites of growth, . and selection of landmarks for 

superimposition that are least affected by that growth. Unfortunately, there is no 

general agreement on superimposition methods because there is no 

agreement on the stability and reliability of the various landmarks and reference 
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planes that are used for the various superimposition methods. There is no 

consensus am·ong r~searchers as to which site goes through the least change 

in the cranium. Therefore, there is no consensus among orthodontists as to 

which superimpqsition method or methods should be used to evaluate a 

patient's craniofacial growth, and there are very few studies that compare the 

results of using the various superimposition methods currently utilized by 

clinicians . 

It is not presently known if. the·· superimposition method used has any 

effect on growth interpretation and evaluation of orthodontic therapy. The 

present study was designed· to compare measurements taken .from patients' 

cephalograms using four different superimposition methods on the cranial 

base. Each of the four methods compared are widely used and recognized in 

orthodontics today. 



. 4 

B. LITERATURE REVIEW 

1. The evolution of cephalometric superimposition: 

In 1899, Edward H. Angle asserted that, in general, the maxillary first 

molars had· a p~rmanent position, and thereby, might represent the starting 

point of measurement (Angle, 1899). The methodology for the classification of 

malocclusion based on the anteroposterior relations in occlusion is based on 

the assumption of positional stability of maxillary first molars. This remains a 

universal, but not the sole, criterion in orthodontic diagnosis and treatment 

planning ( Moore, 1971 ). Simon (1924) disagreed strongly with Angle's molar 

dogma stating that the teeth are not studied and measured in themselves, but 

rather in their relation to the head or skull. 

The beginning of a new era in modern orthodontics occurred when 

Broadbent (1931) in the United States, and Hofrath (1931) in Germany,· 

independently published techniques designed to yield x-ray films of the human 

head which would be strictly comparable in size and positioning. A 

cephalometric standard for interpretation of growth was soon developed based 

on their techniques. Broadbent (1937), in his Bolton studies, used ·sequential 

radiography to demonstrate the following areas to be the most stable, or have 

"the smallest coefficient of variability". They were : 

• The nasion-bolton plane. 

• The sella-nasion plane. 

• The registration point ( midpoint of a perpendicular from the Bolton 

plane to sella that was named point R). The concept of the, Bolton triangle 

which consists of connecting nasion to the center of sella turcica, and sella to 

the Bolton point (the superior point behind the concavity of the occipital 

condyle) was thus initiated. Broadbent (1937) believed that since this 
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represents the area at the base of the cranium to which the face is joined, it is 

the most stable area from which to make serial comparisons (Figure 1 ). 

Margolis (1940) ob~erved that growth takes place above and below the 

base of the skul.l, anterior and posterior to the basilar suture between the 

sphenoid and occipital bones. It was suggested that a basis for superimposition 

of x-rays be obtained by drawing a line from nasion to a registration point on 

the sphenoidal occipital suture (Figure 2). 

The investigatory method employed by Brodie (1941) was serial 

roentgenology of children utilizing the Broadbent-Bolton cephalometer. The 

study was based on fourteen sets of serial head films of 21 male children 

beginning at age three months through age eight (Brodie, 1941 ). The 

cephalometric appraisal was on a different. b~sis than that employed by · 

Broadbent (1937). Whereas the latter superimposed a series of x-ray tracings 

on an assumed base, and made comparisons of the entire head, Brodie (1941) 

sought to measure the serial growth of the various parts after first laying them 

out as four areas (the brain case, nasal, upper alveolar, and mandible) and 

superimposing on each, separately. In the cranial base arE~a, he superimposed 

on the cranial outline, the sella-Bolton line at point sella or the nasion-Bolton 

line at the registration point described by Broadbent (1937). Brodie 

(1941 ;1955) stressed the importance of using angular relations in place of 

linear ones because he believed that analysis of cephalograms that vary in 

absolute size can be evaluated in this manner. Brodie (1941 ;1955) pioneered 

the use of the sella nasion line (SN) for his angular measurements because he 

believed it to be" the most useful and stable' line of reference" (Figure 3). 



Figure 1 : Schematic of the Bolton triangle. 
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Registration Point (R) --



Figure 2: Margolis maxillofacial triangle. 
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Figure 3: Tracing of Allan G. Brodie's analysis. 
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Downs (1948) published the first complete analysis to quantify variations in 

facial relationships. The variations were based on a total of ten measurements; 

five measurements of skeletal relationships and five of dental. relationsh,ips 

(Figures 4&5). T~is analysis was the first attempt to relate completely all of the 

clinically significant relationships of the maxilla and mandible to each other, as 

well as to the cranium, and became the basis for the new cephalometric 

language (Downs 1948). The Frankfort horizontal plane was used instead of 

the sella-nasion I i ne or the Bolton planes because the latter two constitute 

dividing lines between face and cranium and therefore are measures of 

craniofacial relations. In contrast, the Frankfort horizontal cuts across the face 

and, hence, is a more logical choice for studying the relationships involving the 

face (Downs, 1948;1952;1956) ... The Frankfort horizontal plane, which was 

taken from the field of physical anthropology, is the subject of much debate 

concerning its suitability as a reference plane. Bjork (1947) contended that the 

skeletal landmarks necessary for its construction cannot be accurately identified 

and considers it to be of no practical value in the analysis of ·x-ray profiles. 

Downs (1948) ,however, used this plane as the basis for his diagnostic studies 

and was convinced that it is stable and suitable for such measurements (Figure 

4). 

Steiner (1953) presented a simplified technique for cephalometric 

analysis. As a result of the difficulty in locating cephalometric porion and 

infraorbitale, and the difficulty in superimposing the right and the left sides, 

Steiner (1953) dismissed the Frankfort horizontal plane as clinically unreliable. 

Instead, Steiner ( 1953) used the SN plane because it is located in hard tissue 

in the midsagittal plane and thus in lateral cephalometry minimally displaced 

when the patient is in the true profile position (Steiner, 1953) (Figure 6). 



Figure 4: Down's Skeletal analysis. 
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FigureS: Down's denture analysis. 
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Figure 6: Schemat.ic of Steiner's analysis. 
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In several articles, Graber (1952;1954;1956;1961) first presented, then modified 

and expanded, a diagnostic analysis suitable for clinical use. With the idea of 

reliability of landmarks in mind, Graber (1954) dismisses as not critically 

reproducible the following landmarks: Bolton point, sph~nooccipital suture, 

anterior nasal spine, pterygomaxillary fissure, orbitale, porion, and gonion. 

Instead he asserts the immutability of center of the sella turcica (S), nasion · (N), 

the cranial base line . (SN), and the A and B points as the anterior limits of the 

maxillary and mandibular apical bases. 

Ricketts (1960;1961 ;1976) attempted to simplify certain ideas with regard 

to clinical cephalometries. A system of five measurements from cephalometric 

tracings was designed to provide a sensible· method of informing the 

orthodontist of facial form and denture position ( Ricketts, 1960;1961) (figure 7). 

Ricketts, Shoulhof, and Baga (1976) declared that Frankfort horizontal (FH) was 

a better reference plane than sella-nasion since the measurements of the 

maxilla and the mandible to FH (FH-NA and FH-NPog) were more reliable than 

the measurements to SN ( SNA and SNB). 

Ricketts (1961) also used the basion-nasion plane for. superimposition 

and considered it the most representative for determining the facial growth 

direction. After tracing the basion-nasion plane (Ba-N), a point called pterygoid 

point (Pt) is selected on the lower rim of the foramen rotundum as the highest 

and most posterior point of the pterygopalatine fossa. A line from Pt to 

cephalometric gnathion (Gn), which is located at the intersection of the facial 

plane and the mandibular plane, constitutes the central axis. At the intersection 
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of the Ba-N and the central axis is located a point called cranial center ( CC) 

which is used as a registration point. Walker (1972) computed the growth 

changes in a sample of 100 patients and proposed that point Pt was linear the 

center of growth _of the head" (i.e. area of least change). Thus, the Ba-N plane 

should serve as the cranial plane for reference and orientation since it tends to 

pass over or very near to Pt (Walker, 1972). The angle formed by Ba-N and the 

central axis indicates the. position of the man.dible relative to the cranial base. 

Based on studies of laminograph sections, Ricketts (1960) suggested that the 

cranial base angle, while constant on average, can exhibit a change of 5 

degrees in either direction over a 3 year period. Ricketts (1960) concluded that 

the use of basion instead of sella, II helps take into account some of the extremes 

in divergent growth conditions." Ricketts (1960) considered the Ba-N plane as a 

line of separation of the face from the skull, and hence, a basic cranial axis for 

growth and structural reference. Nevertheless, the positions of nasion and 

basion are influenced by remodeling processes in the frontonasal sutures and 

on the anterior border of the foramen magnum, respectively. Bjork (1955) 

reported a flattening of the cranial base (i.e. flattening of the N-S-Ba angle) with 

growth which will result in the upward and backward displacement of the 

foramen magnum, and therefore, basion. 

Goben (1955) presented the basion horizontal as the plane constructed at 

the level of the anterior border of the foramen magnum parallel to Frankfort 

horizontal. According to Coben (1986), the relationships among the position of 

the head in normal posture, the visual axis of the eyes, and the anterior cranial 

base do not change. As a result, serial tracings should be registered at basion 

and oriented with the Frankfort horizontal planes parallel. The line from basion 

drawn parallel . to the original Frankfort horizontal, or the mean Frankfort 
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horizo~tal of several radiographs, establishes the constant Sr;J-FH relationship 
' ' 

and the Basion horizontal plane of the series (FigureS). 



Figure 8: Schematic of Goben's Basion hor~zontal. 
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According to Bjork (1955), the SN line varies little during growth and in 

particular after the age of 12 years records minimal displacement. In a study on 

243 Swedish boys who were followed from age 12 to 20, Bjork noted that the 

relation between the nasion-sella line and the deepest median contour of the 

anterior cranial fossa remains constant. For this reason, Bjork (1955) states that 

the nasion-s~lla line appears to be "particularly suitable as a reference line 

during the adolescent period in man"). Ford (1958), in a study examini.ng the 

growth of the cranial base; stated that the "satisfactory results obtained when · 

using the nasion-sella line for superimposition are due to ttfe fact that both 

nasion and sella rise in relation to the cribriform plane". Therefore, an upward or 

downward displacement of nasion may occur with growth at the frontonasal 

suture. Similarly, a posterior displacement of sella may be induced by the 

remodeling of dorsum sellae connected . with increased size of the pituitary 

gland. Ford (1958) concludes that studies of facial growth which employ this 

line (SN) will give a slightly excessive estimate of the vertical growth of the face 

in comparison with forward growth. In another study comparing five commonly 

used cephalometric reference· lines including Frankfort horizontal, Wei (1968) 

concluded that sella-nasion was the least variable. 

In an attempt to compare several superimposition methods, Ghafari eta/. 

(1987) studied 26 class II division 2 patients using four different cephalometric 

superimposition methods. They compared superimposition on: 

• The best fit of anterior cranial anatomy. 

• Sella-nasion line with registration at sella 

• The Bolton-n~sion plane with registration at point R 

• The Basion-nasion line registered at cranial center (CC) (defined as 

the intersection of the pterygoid-gnathion line with the basion-nasion line). 
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Ghafari eta/, (1987) noted no clinically significant difference among the 

different methods and concluded that interpretation of cranial change should be 

made only in reference to the superimposition method used. 

Enlow ( 1982) states that the cranial base grows rapidly in the first few 

years of life. The overall length of the cranial base at birth is about 63% of its 

total growth. By the end of the. first year, 82% of growth is complete, and by 5 

years, 91% of the adult length is attained .. At about ·15 years, 98% is reached. 

Basion-nasion shows 56% of adult growth by birth and 70% by 2 years of age. 

Thus, the cranial base is considered a. satisfactory reference for cephalometric 

superimpositions. Each of the methods evaluated is based on ·the relative 

stability ·of the cra~ial base. · Each method uses a diff~rent part of the cranial 

base as a reference for superimposition. 

C. Purpose 

The purpose of this study is to compare four methods of cephalometric 

superimpositions, controlling for intrasubject variability, for the measurement of 

landmarks changes. Since a standard of change is not known, we will 

examine the magnitude of any differences and attempt to determine their 

clinical importance. 

D. Definitions 

The following is a set of definitions of the cephalometric landmarks used 

in this study (Jacobson, 1995): 

-Sella tursica (S): The center of the pituitary fossa. 

- Orbitale (Or): The most inferior point on the orbit. 

- Pterygoid point (Pt): The junction of the pterygomaxillary fissure and the 

· foramen rotundum. 
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- Anterior nasal spine (ANS): The anterior tip of the sharp bony process of the 

maxilla at the lower margin of th~ anterior nasal opening. 

- A point (A): The inner most curvature from the maxillary ANS to the crest of 

the maxillary alveolar process. 

- Posterior nasal spine (PNS): ·The posterior spine of the palatine bone 

constituting the hard palate. 

- Nasion(N): The· junction of the nasal and frontal bones at the most posterror 

point on the curvature of the bridge of the nose. 

-.Porion (Po): External auditory meatus. 

- Basion ·(Ba): The most interior, midsagittat point on the anterior margin of 

foramen magnum. 

- B point (B): The most posterior point to a line from infradentale to pogonion on 

the anterior surface of the sy~physeat outtine of the mandible. · 

-Pogonion (Pg): The most anterior point on the contour of the bony chin. 

- Gonion (Go): The midpoint of the angte of the mandibte found by bisecting the 

angle formed by the mandibular plane and a plane through articutare tangent to 

the posterior rami of the mandible. 

-Menton (Me): The most inferior point on the symphys·eal outHne·. 

- Articutare (Ar): The intersection of the posterior border of the ramus and the 

inferior border of the cranial base. 

- Botton point (Bo): The intersection of the outline of the occipitat condyle and 

the foramen magnum at the highest point on the notch posterior to the occipital· 

con~yle .. 



II. METHODS OF PROCEDURe 

A. Description of the cephalometric superimposition techniques: 

1-· Sella-Nasion plane registered at.Sella, (SN®S): An overall view of the 

growth of the face reflected away from sella is shown by using this method 

(Jacobson, 1995). The landmarks to be located on the cephalogram are 

(Figure 9): 

Sella (S) 

Nasion (N) 

Sella-Nasion plane (S-N) 

2- Basion-Nasion plane registered at the Cranial Center, (BaN®CC): This 

superimposition is constructed along an axis that projects from pterygoid point 

(Pt) to gnathion (Gn). The Ba-N plane serves as the cranial base plane for 

reference and orientation. The registration point CC is defined as the 

intersection of Pt-Gn line with the Ba-N line. This superimposition is designed 

to show changes in the chin position and the directional defects of mandiqular 

rotation (Jacobson, 1995). The landmarks to be located on the cephalogram 

are (Figure 1 0): 

Basion (Ba) 

Nasion (N) 

Pterygoid point (Pt) 

.Cranial center (CC) 

Cranial axis (Pt-Gn) 

29 



Figure 9: Superimposition on the Sella-Nasion @ Sella. 
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Figure 10: Superimposition on the. Basion-Nasion @ CC. 
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3- Frankfort horizontal plane registered at pterygoid vertical (PTV), (FH@ Ptv): 

The Frankfort horizontal plane is constructed from the points porion and orbital. 

The pterygoid vertical is drawn through the distal radiographic outline of the 

pterygdmaxillary fissure . and . perpendicular to the Frankfort horizontal 

(Jacobson, 1995). The landmarks to be located on the cephalogram are 

(Figure 11 ) : 

Frankfort horizontal (FH) 

Pterygoid vertical (Ptv) 

4- Basion Horizontal plane registered at basion (BaH@ Ba): Basion horizontal 

is constructed parallel to Frankfort horizontal and is used as the plane of 

reference. The registrati~n on basion is what differentiates this method different 

from the previously mentioned techniques (Coben, 1955). The. landmarks to be 

located are (Figure 12): 

Frankfort horizontal (FH) 

Basion (Ba) 

Basion horizontal (BaH) 

B. study Sample 

The present study used the cephalometric radiographs of 30 patients, 

sixteen males and fourteen females, treated in the private office of DL Edward 

H. Hamilton. All patients had class II division 2 malocclusion and were treated 

using standard edgewise mechanics without extraction. The average 

pretreatment age of the males was 12.4 years with a range of 10 to 16.6 years. 

The average pretreatment age of the females was 11.7 years with a range of 9 

to 15.1 years. The average posttreatment age of the males was 14.5 years with 

a range of 12.9 to 17.11 years. 



Figure 11 : Superimposition on the Frankfort horizontal @ Ptv. 
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Figure 12: Superimposition on the Basron horizontal @ Basion. 
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The average posttreatment age of the females was 14. 1 years with a 

range of 11.2 to 18.1 years. This group of patients was selected at random from 

a larger sample of similarly treated malocclusions, and each had a pre

treatment and p<;>st-treatment cephalogram that met the following criteria: 

• High quality cephalograms Oudged by the author to be of diagnostic 

quality). 

• Cephalograms with good orientation ( patient's head not tilted 

excessively in either direction). 

• Cephalograms taken acquired with the same cephalostat with patient 

facing left. 

• Each cephalogram. had a clearly visible millimeter ruler (the ruler was 

used to calculate the percent enlargement of each film). 

C. Procedure 

Each pretreatment and posttreatment cephalogram was traced on 

acetate paper ( 3M Co., Monrovia, C_A), then digitized using a transparent 

digitizing pad ( Model # 2210-0.3 TL.F:Numonics Corp. Montgomeryville, Pa) 

and a commercial cephalometric program (Dentofacial planner™, Version 7.0, 

Dentofacial Software, Toronto, Canada). All of the· superimpositions were 

performed by the software except for the superimposition on the basion-nasion 

registration at basion method which was done manually. An analysis was 

created to measure the millimeter and angular difference between the 

superimposed cephalograms and for each of the superimposition methods. 
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1. Tracing of Cephalograms: 

The same cephalostat was· used to make all cephalograms. These 

radiographs . were traced by the author using acetate paper and a sharp 

drawing pe-ncil. The tracing technique was as follow: Each of the 
. -

cephalograms was placed on radiograph view box with the patient's image 

facing to the left. With a sharp drawing pencil, three crosses were drawn ·on the 

radiograph to allow for reorientation of the acetate tracing on the film for later 

verification. The acetate paper was then secured to the film with tape and the 

outline of the hard tissues of the maxilla, mandible, lateral or~ital margins, nasal 

bone, odontoid process, sella turcica, pterygomaxillary fissures, cranial base, 

and maxillary and mandibular first permanent ·molars and incisors were traced 

(Figure 13). Despite the standardized positioning of the head in the cephalostat 

some cephalometric images of the right and left halves of the skull did not 
-

coincide. This lack of coincidence may be due to such things as slight 

difference in head positioning, a greater degree of enlargem~nt of the side 

farther away from the film, or to the asymmetry of the patient's head. Regardless 

of the cause <;>r causes for lack of perfect c~phalograms, it was decided for the 

purpose of this study to bisect bilateral images. This ~~averaged" outline was 

represented by a broken line on the cephalometric tracings. Furthermore, 

constructed gonion was located at the intersection of a line tangent to the 

posterior border of the rami of the mandible and a line tangent to the inferior 

border of the mandible (Figure 13). 



Figure 13: A cephalometric tracing depicting ·the reference planes used for 

superimposition- the large crosses are used for tracing orientation. 
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2. Measurement of landmark changes: 

· Utilizing the dentofacial planner (DFP) and Tools m programs three 

digitizing sequences were created. The first was a digitizing sequence of 35 

points designed to. show the outline of the various hard tissues in the skull 

including the teeth (DS1) (Figure 14). The second digitizing sequence was a 

series of 16 points representing the landmarks that were closely studied (DS2) 

(Figure 15). The third digitizing sequence was a series of 32 points 

representing the before and after treatrnent landmarks of the superimposed 

series of cephalograms (DS3) (Figure 16). For each patient, a superimposition 

tracing was done using each of the four methods. The inherent enlargement of 

each of the cephalograms was measured using the millimeter ruler that was 

visible on each of the radiographs and then entered into the DFP before the 

initial digitizing process started. The DFP software automatically reduced the 

radiographic enlargement · to 0°/o. DFP is designed to superimpose 

cephalograms on all of the desired reference planes and registration points with 

the exception of the basion horizontal plane registration at basion method (BaH. 

@8). The superimposition on BaH@B was done manually using the previously 
I 

digitized pre-treatment and post-treatment cephalometric tracings (DS2) then 

digitized using DS3. 

The differences between the methods of superimposition were assessed 

as follows: 

1- Utilizing the DFP and Tools programs, three digitizing sequences were 

created DS#1, 2, and 3. 

2- The Tools software was then used to create an analysis that measures, for 

each method, the distances between the pre-treatment and post-treatment 

landmarks of the third digitizing sequence (DS3). 



Figure 14: Digitizing sequence#1 (DS1 ). 
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Figure 15: Digitizing sequence#2 (082). 
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Figure 16: Digitizing sequence#3 (DS3) along with the millimeter and angular 

measurements. 
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Elchahal Analysis 3 
S1-S2 1.7 0.0 
N1-N2 1. 3 0.0 
Or1-0r2 1. 3 0.0 
ANS1-ANS2 2.0 0. ~~ 
PNS1-PNS2 1. 8 o.oj 
A1-A2 4.5 o.~j 
81-82 9.2 0.0 
P01-P02 8.7 0.0 
G01-G02 7. 1 0.0 
Ar1-Ar2 1. 9 0.0 
Ba1-Ba2 ) 2.5 0.0 

· Por1-Por2 1. 8 o.q~ 
Pt1-Pt2 1. 8 0.0 
SN-Or 24.8 o.~j 
SN-ANS 36.2 o.~j 
SN-PNS 71.7 0.0 
SN-A ·42.7 0.0 
SN-B 62.8 o.oj 
SN-PO 65.5 0.0 
SN-GO 103.1 0.0 
SN-Ar 121.5 0.0 
SN-Ba 130.8 0.~~ 
SN-Por 152.0 ,o.o 
SN-Pt 48.7 0.0 

, 

' -
-

/ 

/ 

I 
\ 
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Furthermore, the same analysis also measured the angles made by the 

pretreatment sella-nasion line of each patient and the posttreatment landmarks 
- ' 

to be compared. These angles were· analyzed to study the differences in growth 

direction among ~he superimposition met~ods. 

3- ·The pretreatment and posttreatment cephalograms were p·laced on the 

digitizing pad and each digitized using the digitizing sequences 1 and 2. 

4- The posttreatment digitized tracing is then superimposed on the pretreatment 

tracing according to each of the four_ methods described previously using the 

DFP superimposition options. Since DFP did not allow for superimposition on 

the BaH@B, a manual superimposition of the pretreatment and posttreatment 

digitized tracings was accomplished. 

5- Each of the four superimposition tracings was then digitized using the third 

digitizing sequence. The data were collected using the analysis described in 

step 2 above. 

From each of the tracings and for each of the $Uperimposition methods, 

thirteen landmarks were compared. These landmarks are: S, N, PNS, ANS, A, 

8, Pog, Go, Ar, Ba, Po, Pt, and Or. Out of the thirteen, six . maxillary and 

mandibular landmarks were studied closely. Differences in the amount of 

change between the superimposition methods was evaluated independently for 

each of the six landmarks. For each of the thirty patients and for each landmark, 

the paired differences of four posttreatment positions obtaine~ by the four 

methods studied were analyzed. Two methods were compared at a time. An 

analysis of variance examined the average difference for each comparison. 
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D. Statistical Analysis 
. ! 

The response variables for each subject were the distahce and angle of 
I 

apparent movement of facial landmarks by each of the ·four methods of 

superimposition·. (within each method, for each patient,· there were a 

pretreatment value and posttreatment value). The respons~ variables were 

analyzed using randomed complete block analysis of variance. The method 

served as the factor of interest and the. subjects served as the blocking factor. A 

p-value for the method factor adjusted for the subject factor of,O.OS or less was 

considered significant. The means of the four methods adju~ted for subjects 

were compared using the least significant difference (LSD) multiple comparison 

test. The LSD test is the most powerful test under the· usual statistical 

assumptions. Its use is consistent with the goal of finding qifferences in the 

methods, if difference exist. 



Ill. RESULTS 

A. Distribution of landmark changes 
! 

The mean_ differences between the pre and posttreatment landmarks for 

the various superimpositions tested are listed in Tables 1-4, and diagrammed 

in Figures 17-22. 

Table# 1: Distributions of landmark changes for Method BH 

Landmark Meanmm so Min. 25th pctl Median 75th pctl Max. 

s 2.0 1.1 0.4 1.2 1.8 '2.7 4.7 
N 3.1 1.8 0.2 1.6 3.2 :4.4 7.6 

Or 3.1 1.8 0.1 1.7 3.0 :4.2 6.9 
ANS 3.4 2.3 0.0 1.5 3.0 :5.1 7.6 
PNS 2.8 1.3 0.8 1.8 ·2.8 ! 3.8 5.1 

A 3.5 . 2.0 0.2 . 1.9 3.3 :5.3 8.7 
B . 5.0 2.5 1.1 3.3 5.0 i 6.0 10.5 

·Po 5.6 2.9 0.8 3.8 5.4 ]6.7 13.5 
Go 4.2 2.1 0.6 3.2 4.0 15.5 9.1 
Ar 0.9 0.8 0.1 0.3 0.6 i 1.0 2.8 
Ba 0.0 0.0 0.0 0.0 0.0 ; 0.1 0.1 

Por 2.3 1.5 0.1 1.3 2.1 12.9 6.2 
Pt 3.3 2.4 0.2 1.3 2.7 ;4.6 9.0 

Table# 2: Distributions of landmark changes for Method BN 

Landmark Meannm so Min. 25th pctl Median 7Sth pctl Max. 

s 1. 7 1.1 0.2 1.0 1.6 2.4 4.6 
N 2.1 1.8 0.1 0.6 .1.7 3.0 6.3 
Or 2.6 1.8 0.0 1.3 1.9 3.4 7.4 

ANS 3.0 2.0 0.2 1.5 2.5 4.3 8.1 
PNS 2.7 1.5 0.4 1.3 2.7 3.8 5.6 

A 3.4 1 .9 0.4 1.9 3.5 4.4 7.6 
B 4.9 2.6 0.2 3.4 4.7 6.7 10.0 
Po 5.7 2.9 0.8 3.8 5.0 7.6 13.9 
Go 4.6 2.0 1.2 3.1 4.3 6.2 8.8 
Ar 1. 7 1.1 0.0 0.7 1.7 2.7 4.0 
Ba 1.5 1.4 0.0 0.3 1.1 2.7 4.8 

Por 2.6 1.4 0.3 1. 7 2.5 3.5 6.0 
Pt 2.1 2.3 0.1 0.6 1.1 2.9 8.0 
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Table# 3: Distributions of landmark changes for Method FH 

Landmark Meanmm SD Min. 25th pctl Median 75th pctl Max. 

s 1.8 1.0 0.4 0.9 1.5 2.7 4.1 
N 2.5 1.5 0.2 1.3 2.4 3.5 5.8 

Or 2.2 1.8 0.0 0.7 1.4 3.4 6.5 
ANS 3.6 2.1 0.6 2.1 3.1 5.0 7.8 
PNS 2.8 1.5 0.7 1.6 2.6 3.7 6.1 

A 3.8 1.9 0.6 2.6 3.4 4.9 8.3 
B 5.5 2.8 0.2 4.2 5.4 '7. 1 12.3 

Po 6.3 2.7 2.4 4.5 6.2 8.0 16.5 
Go 5.4 2.1 1.9 4.2 4.7 6.0 11.8 
Ar 2.4 1.3 0.1 1.6 2.0 3.2 6.4 
Ba 2.6 1.4 0.5 1.7 2.3 3.4 6.1 

Por 1.5 1.5 0.0 0.5 1.1 2.2 5.8 
Pt 2.2 2.2 0.0 0.8 1.4 2.6 8.8 

Table# 4: Distributions of landmark changes for Method SN 

Landmark Meanmm SD Min. . 2?th pctl Median 75th pctl Max. 

s 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
N 1.8 1.5 0.0 0.8 1.4 3.1 5.1 

Or 2.6 1. 7 0.2 1.2 2.2 3.2· 7.4 
ANS 2.9 2.0 0.3 1.2 2.5 4.2· 7 .. 9 
PNS 2.5 1.3 0.2 1.6 2.5 3.3 5.4 

A 3.3 2.2 0.2 1.8 2.6 4.5 9.1 
B 5.4 2.8 0.9 3.9 4.9 7.3 11.9 

Po 6.0 3.1 0.8 3.8 6.1 '7.7 16.0 
Go 5.2 2.2 1.9 3.7 5.0 6.1 11.9 
Ar 2.0 1.0 0.1 1.2 2.0 2.7 '4.0 
Ba 2.1 1.1 0.2 -1.2 1.9 ! 2.9 4.9 

Por 1.8 1.4 0.1 0.7 1.5 '2.6 5.6 
Pt 2.7 2.2 0.2 1 . 1 1.9 3.6 8.3 

Six different landmarks were compared and the results· are summarized 

as follows: 

1. For the landmark ANS, the superimposition on FH@Ptv was significantly 

different from SN@S and.BN@CC. There was no significant ~ifference among 

SN@S, BH@B, and BN@CC (Table 5). 
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Table # 5: ANS 

Method t 
FH @ Ptv 3.61 
BH@ Ba 3.4 

SN @S 2.9 
BN @ CC 3.0 

t LSD multiple comparison (p-value 0.0630) 

2. For PNS, there was no statistically significant difference among the 

superimposition methods (Table 6). 

Table # 6: PNS 

Method t 

FH @ Ptv 2.8 
BH @ Ba 2.8 

SN @ S 2.5 
BN @ CC 2.7 

t LSD multiple comparison ( p-value 0. 7811) 

3. For point A, FH@Ptv was significantly different from SN®S. There was 
{ 

no statistically significant difference among FH®Ptv, BH®B, and BN®CC; 

furthermore, there was not any difference among BH®B, BN®CC, and SN@S 

(Table 7). 

Table # 7: A Point 

Method 

FH @ Ptv 
BH @Ba 

BN @ CC 
SN @S 

t. 

3.8 
3.5 

3.4 
3.3 

t LSD multiple comparison ( p-value 0. 1 6 77) 
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4. For B point, there was no statistically significant difference among the 

four methods (Table 8). 

Table # 8:· B Point 

Method t 

FH @ Ptv 5.5 
BH @ Ba 5.0 

BN.@ CC 4.9 
SN @ S 5.4 
t LSD multiple comparison ( p-value 0.2681 ) 

5. For point Po, the superimposition on FH@Ptv was significantly different 

from BH®B. There was .no significant difference among FH@Ptv, SN®S,and 

BN@CC, nor was there any difference among BH@B,_BN@CC, and SN@S 

(Table 9). 

Table # 9: Po 

Method t 

FH @· Ptv 6.3 
SN @_S 6.0 

BN @ CC 5.7 
BH @ Ba 5.6 

t LSD multiple comparison ( P-value 0.1284·) 

6. For point Go, ·there was no significant difference between FH®Ptv and 
' . 

SN®S, nor was there any significant difference between SN®S and BN®CC, 

or BN®CC and BH®B. There was, however, a significant difference between 
i 

FH@Ptv and BH@B, as well as,· a significant- di.fference betw~en FH@Ptv and 

BN®CC (Table 10). 



Table # 10: Go 

Method 

FH ~ Ptv 
SN @ S 

. BN@ CC 
BH@ Ba 

t 

5.4 I 
5.2 

4.6 
4.2 ,I 

t LSD multiple comparison ( p-value 0.0010) 
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If we consider the t-test under the hypothesis that a differenGe s1 mm is 

insignificant clinically, the results of comparisons of the various measurements 

would show no statistically significant differences for any of the si~ landmarks 

studied. 



Figure 17: Mean millimeter changes ifl ANS for the four superimposition 

methods. 
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Figure 18: Mean millimeter changes in PNS for the four superimposition 

methods. 
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Figure 19: Mean millimeter changes in point A for the four superimposition 

methods. 
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Figure 20: Mean millimeter changes in point B for the four superimposition 

methods. 
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Figure 21: Mean millimeter changes in Pogonion for the four superimposition 

methods. 
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Figure 22: Mean millimeter changes in Gonion for the four superimposition 

methods. 
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B. Distribution of angular changes 

Table # 11: Distributions of angular changes for Method BH 

Angle Mean C) SD Min. 25th pctl Median 75th pctl Max. 

A-Or 25.9 2.9 18.5 24.1 25.5 27.9 32.4 
A-ANS 38.4 2.3 34.6 36.4 38.6 40.3 43.1 
A-PNS 73.0 5.0 61.8 69.7 72.2 :76.7 84.9 

A-A 44.3 2.6 39.4 42.1 44.5 46.1 49.4 
A-B 62.4 3.0 57.8 59.9 62.3 64.1 70.0 
A-Po 65.7 2.9 60.2 63.6 65.1 ,67.7 73.2 
A-Go 104.1 3.2 99.2 102.0 103.4 i 06.1 110.8 
A-Ar 126.6 5.0 118.3 122.1 127.7 130.6 135.6 
A-Ba 132.0 4.7 122.2 128.7 131.9 134.9 140.4 

A-Por 155.9 6.3 141.1 151.7 155.6 160.1 168.8 
A-Pt 44.4 10.7 13.9 43.7 46.9 .48.9 62.7 

Table# 12: Distributions of angular changes for Method BN 

Angle Meane)·· so Min. 25th pctl Median 75~h pctl Max. 

A-Or 26.2 2.7 19.8 24.4 26.2 28.0 30~3 
A-ANS 38.6 2.0 34.6 37.0 39.1 \40.0 41.8 
A-PNS 73.5 4.8 65.1 '69.9 72.9 77.6 84.0 

A-A 44.6 2.2 39'.5 43.0 44.5 46.6 48.7 
A-8 61.8 5.6 36.1 '.60.6 62.5 65.2 69.9 
A-Po 65.9 2.8 60.3 64.3 66.0 67.8 73.1 
A-Go 104.5 3.4 99.2 102.0 103.6 107.8 110.5 
A-Ar 127.3 5.5 ' . 116.9 121.6 ' 128.1 .. 132.1 136.2 
A-Ba 132.5 ~ 5.3 '· 120.6 129.8 132.4 136.1 142.3 

A-Por 155.6 6.5 140.8 152.0 155.4 159.8 170.6 
A-Pt 45.7 8.9 19.9 43.4 47.7 .49.6' 57.9 
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Table # 13: Distributions of angular changes for Method FH 

Angle Mean(o) so Min. 25th pet I Median 75th pctl Max. 

A-O.r 26.6 2.5 22.3 24.9 26.5 :28.5 32.8 
A-ANS 38.8 2.1 35.5 37.0 38.6 AoA 43.0 
A-PNS 73.3 5.1 64.0 69.3 73.1 77.0 83.9 

A-A 44.p 2.5 39.4 43.4 45.1 46.3 50.0 
A-8 62.6 ·3.0 58.6 60.0 62.4 '64.6 70.4 
A-Po 65.9 2.'8 60.6 63.7 65.3 67.9 73.5 
A-Go 104.1 3.5 98.4 100.7 103.7 107.1 109.8 
A-Ar 126.1 5.8 115.4 121.2 126.6 J 30.1 138.4 
A-8a 131.5 5.7 119.8 128.5 131.4 135.3 145.3 

A-Por 154.1 7.3 138.6 149.9 154.1 157.8 170.7 
A-Pt 46.1 10.9 16.4 44.9 47.5 52.6 62.2 

Table # 14: Distributions of angular chang·es for Method SN 

Angle Mean C) SD Min. 25th pctl Median 7~th pctl Max·. 
' 

A-Or 26.3 2.7 19.4 24.5 25.9 28.7 31.3 
A-ANS 38.6 1.8 35.3 36.8 39.1 39.7 42.0 
A-PNS . 73.0 4.1 64.8 70.1 73.3 75.6 83.8 

A-·A 44.4 2.2 39.3 42.8 44.5 45.9 48.2 
A-8 62.5 2.9 57.9 60~2 62.2 64.7 69.1 
A-Po 65.7 2.9 59.6 64.1 65.6 67.4 72.1 
A-Go . 104.0 3.2 98.7 101.7 104.1 :107.0 109.3 
A-Ar 126.1 4.9 115.8 123.4 126.3 ~29.6. 135.7 
A-8a 131.5 5.0 121.1 127.2 130.5 :135.1 142.2 

A-Por 154.4 6.7 138.2 151.0 153.3 158.7 169.8 
A-Pt 45.4 10.5 14.2 43.4 47.3 '51.3 61.5 

The result of the ANOVA analysis indicated that there were no statistically 

significant differences among the four methods of: cephalometric 
\ 

superimpositions with regard to angular changes. 

Table # 1 5: Apparent changes in A~·ANS 

Method 

FH @. Ptv 
BH@ Ba 

BN @ CC 
SN @ S 

t 

38.8 
38.4 

38.6 
38.6 

t LSD multiple comparison ( p-value 0.3998) 



Table # 16: Apparent changes in A_PNS 

Method t 

FH @ Ptv 73.3 
BH @ Ba 73 

BN @ CC 73.5 
SN @ S 73 
t LSD multiple comparison ( p-value 0.4882) 

Table # 17: Apparent changes in A_A 

Method t 

FH @ Ptv . 44.6 
BH @ Ba 44.3 

BN @ CC 44.6 
SN @ S 44.4 
t LSD multiple comparison ( p-value 0.4 771 ) • ' . . . ~ 

Table # 18: Apparent changes in A_B 

Method 

FH @ Ptv 
BH@ Ba 

BN @ CC 
SN @ S 

t 

62.6 
62.4 

61.8 
62.5 

t LSD multiple comparison ( p-value 0.5813) 

Table # 1 9: Apparent changes in A_Po 

Method 

FH @ Ptv 
BH @ Ba 

BN @ CC 
SN @ S 

t 

65.9 
65.7 

65.9 
65.7 

t LSD multiple comparison ( p-value 0.5973) 

71 



Table # 20: Apparent changes in A.;...Go 

Method 

FH @ Ptv 
BH @ Ba 

BN @ CC 
SN @ S 

t 

104.1 
104.1 

104.5 
104.0 

t LSD multiple comparison ( p-value 0.2421) 
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In summary, small differences exist among linear changes shown by the 

four methods of cephalometric superimposition. 



Figure23: Mean angular changes in ANS for the four superimposition 

methods. 
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Figure 24: Mean angular changes in PNS for the four superimposition 

methods. 



41 .. 

75 

74 

73 

72 

:;. 71 .. 
Q 

70 

69 

68 

67 
FH 

Apparent Changes in A _ PNS 

BH BN 
Method 

-·--·-------, 

5N 

I 
I 

I 

! 
_j 

76 



Fugure 25: Mean angular changes in point A for the four superimposition 

. methods. 
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Figure 26: Mean angular changes in point B for the four superimposition 

methods. 
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Figure 27: Mean angular changes in Pogonion for the four superimposition 

methods. 



82 

Apparent Changes in A_Po 

68 

67 

lili 

65 

.. 64 .. ... ... .. 
Q 63 

62 

61 

60 

S'l 
FH BH BN SN 

Mcthoc1 



Figure 28: Mean angular changes in Gonion for the four superimposition 

methods. 
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IV. DISCUS.SION 

In comparing four methods of cephalometric superimposition· on the 

cranial ·base this study demonstrated that some differences in the interpretation 

of facial change can be related to the method of superimposition used. 

Comparison of the angular measurements among the four superimpositi'on 

methods revealed no statistically significant differences for all six landmarks 

analyzed. The results of the comparison of the linear landmark changes among 

the four methods, however, revealed significant differences for four out of the six 

landmarks analyzed. For the landmark ANS, there was a significant difference 

between FH @ Ptv and the rest of the methods. FH @ Ptv was also significantly 

different from SN @ S for point A with no difference among the three remaining 

techniques. For points Pogonion and Gonion, there was a significant difference 

between FH @ Ptv . and BH @ Ba . Furthermore, there was a significant 

difference betw~en FH @ PTV and BN @ CC for point Gonion. 

There are several possible explanations for the results derived from this 

study. The first is that the differences among the methods may simply be due to 

the differences in orientation of each of the reference planes and registration 

landmarks used for superimposition. Each superimposition technique specify 

one registration that is presumed unmoving (registration point) and one 

direction that is presumed not to be rotating (reference plane). Thus, landmarks 

near the site of registration appear to move less than points farther away, and 

all points generally move away from the " fixed " registration point (Moyer & 

Bookstein, 1979). 
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A second explanation for the differences among the methods may be due 

to the fact that cephalometric measurements, like all other measurements, 

involve potential errors. Two general classes of error may occur in evaluating 

craniofacial changes from cephalograms. The first is termed "errors of 

projections" which result from the fact that the cephalogram is a two 

dimensional representation of a three dimensional object. Since the x-rays are 

nonparallel and originate from a very small source, head films are always 

distorted enlargements. The enlargement varies with the plane at which a 

particular landmark lies. Radiographs are further distorted by foreshortening of 

distances between landmarks lying in different planes and by radial 

displacement of all structures not on the principal axis of the x~ray beam 

(Baumrind & Frants, 1971 ). The Frankfort horizontal is constructed from Porion 

and Orbitale, landmarks not located in the midsagittal plane of the skull. The 

Sella-Nasion and Basion horizontal methods of superimposition involve 

landmarks and registration points which are located in the midsagittal plane of 

the head. The Basion-Nasion superimposition technique involves a midsagittal 

reference plane, Basion-Nasion, and a constructed registration point that is the 

intersection of a midsagittal reference plane (Ba-N) and parasagittal plane (Pt

Gn). Projection errors may play a role in any differences of growth 

interpretations among the mentioned methods. 

Another possible explanation of the differences among the methods is 

the ·"errors of identification" which · are derived from the apparently 

straightforward process of identifying specific anatomic and radiographic 

landmarks on the cephalogram. Even though all pretreatment and 

posttreatment cephalograms were traced and digitized by one person, the 

differences among the four methods evaluated may be attributed to difficulty in 
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landmark identification. Despite the fact that good quality cephalograms were 

used, the identification of each cephalometric landmark exhibits a specific 

"envelope of errot" (Baumrind & Frantz, 1971 ). Such . errors are potentially 

inherent to any of the methods studied and potentially to various degrees. For 

example, identifying bilateral ·landmarks such as Porion and Orbitale is more 

difficult than identifying Nasion because of the superimposition of the bilateral 

structures ori. the radiograph.· · -It is not s~rprising, therefore, if FH @ Ptv is 

significantly different than the other ·methods because of the inherent difficulty in 

identifying the landmarks that make up Frankfort horizontal.: Several studies 

have been published concerning the source of error that are inherent in 

cephalometric radiography (Moyer, 1979; Pancherz, 1984·; Houston, 1983; 

Baumrind,· 1971; Baumrind, 1976). The clinician. should be aware of these 

potential· errors which may lead to diagnostic misinterpretations or false 

conclusions concerning the outcome of a particular treatment procedure or 

growth amount and direction. 

In the present study, every effort was made to minimize errors of 

measurement. AU the cephalograms studied had been acquired in the same 

orthodontic office, with the same· cephalostat, and all had metal correctional 

scale of known length at the midsagittal plane to provide· evidence of 

enlargement of each radiograph. Additionally, all of the radiographs were 

traced and digitized by one person. 

In conclusion, the superimposition of tracings from lateral cephalograms 

taken at different timepoints is an important method for assessing 

developmental and treatment changes through time. The conclusions we draw 

about growth may vary, quantitatively and qualitatively, with the registration 

points and reference plane~ selected. The results of this study warn against the 
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excessive reliance on any one particular superimposition method. The 

absence of a proven standard makes the evaluation of any of the 

superimposition methods for accuracy not possible. Although this study does 

not suggest a preference among the superimposition methods analyzed, FH @ 

Ptv is, in the opinion of the author, more difficult to construct than the other 

methods evaluated due to difficulty in identifying Porion and Orbitale. 



V. Summary 

A. Comparison of the linear measurements between the pre and posttreatment 

landmarks of the four superimposition techniques tested were as follows: 

1. For the landmark ANS, the superimposition on FH@Ptv was significantly 

different then SN@S and BN@CC. There was no significant difference among 

SN@S, BH@B, and BN@CC. 

2. For PNS, there was · no statistically significant difference among the 

superimposition methods. 

3. For point A, FH@Ptv was significantly different than SN·@S. There was 

no statistically significant difference among FH@Ptv, BH@B, and BN@CC; 

furthermore, there was not any difference among BH@B, BN@CC, and SN@S. 

4. For 8 point, there was no statistically significant difference among the 

four methods. 

5. For point Po, the superimposition on FH@Ptv was significantly different 

than BH@B. There was no significant difference among FH@Ptv, SN@S, and 

BN@CC, nor was there any difference among BH@B, BN@CC, and SN~S. 

6. For point Go, there was no significant difference between FH@Ptv and 

SN@S, nor was there any significant difference between SN@S and BN@CC, 

or BN@CC and BH@B. There was, however, significant difference between 

FH@Ptv and BH@B, as well as FH@Ptv and BN@CC. 
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