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Fig 1-25 (a) Construction of sella (S). (b) Structural superimposition demonstrates the shift of S during growth. Superimposition of successive Sella 
points is therefore unreliable. (Adapted from Bjork and Skieller97 with permission.)

Melsen100 and Bjork101 found that sella is not stable dur
ing growth beca니se of the eccentric remodeling pattern of 
the fossa hypophyseos (Fig 1-25). In addition, these authors 
found that nasion and basion changed considerably in posi
tion, variably in direction, and in amount. Therefore, these 
landmarks are also unreliable references.This is extensively 
reviewed in chapter 2.

Several investigators compared Bjork's method w ith other 
procedures. Again, controversy developed. Some workers 
based their recommendations prim arily on statistical evalu
ation of acc니racy w ithᄋ니t  due recognition of the importance 
of the valid ity of reference structures. Others concluded that 
the differences were too small to be of significance fo r se
lecting a procedure. Still other investigators stressed that 
va lid ity is the decisive aspect and demonstrated the con
sequences of that view .102-108 Often, even in recent clinical 
reports, the valid ity and reliability of the superimposition 
method used are unclear.

A rat et a 1109 recently compared the va lid ity  of superim 
position methods by Ricketts,40'41 Steiner,90 and Bjork and 
Skieller.56,79,97 They noted that the origin of the differences is 
the instability of the reference landmarks. Their conclusion 
was that the Steiner and Ricketts methods are invalid be
cause they may result in erroneous interpretation of growth 
and treatment changes. Histologic studies4849 proved that 
nearly all of the periosteal reference landmarks were sub-

Reflecting on the history of superimposition, we must 
conclude that s니bjective methods have been proposed. 
They were gradually accepted and became 니sed on the 
basis of convention and tradition. However, all these meth
ods—except one, the str니ctural m ethod—are based on cir
cumstantial reasoning w ithout any evidence.

The importance of selecting an evidence-based s니per- 
imposition method is demonstrated in Figs 1-26 to 1-35. 
Pretreatment and end-of-retention tracings of one normal 
growing orthodontic patient, w ith common intervals be
tween the films, w ithout an extreme growth pattern, and 
w ithout spectacular changes were selected. Identical records 
were used to create three sets of superimpositions produced 
with three different superimposition methods:

• Cranial base superimpositions (see Figs 1-26 to 1-29): 
Steiner/Tweed, Ricketts, and Bjork structural superimposi
tions are compared.

• Local mandibular superimpositions (see Figs 1-30 to 1-32): 
Best-fit, Ricketts, and Bjork stoictural superimpositions are 
compared.

• Local maxillary superimpositions (see Figs 1-33 to 1-35): 
Best-fit, Ricketts, and Bjork structural superimpositions are 
compared.



Figs 1-26 to 1-36 Three sets of superimpositions (cranial base, local mandibular, and local maxillary) created using three different methods. Four colors 
in two shades are used: cranial base region (gray}', maxillary region (green) ： mandibular region (blue)] soft tissue (pink). The nasion-pterygomaxillary 
fissure (Na-PTM) line reflects the sutural and nasal septum attachment of the midfacia! structures to the anterior cranial base (see also chapter 3 and 
Fig 3-10. Not also that the Bjork structural superimposition is repeated in Figs 1-27 and 1-29 for ease of comparison with the Steiner/Tweed and Ricketts 
superimpositions. Figures 1-26 to 1-29 and 1-34 to 1-36 superimpose the pretreatment and end-of-retention tracings.

Fig 1-26 Cranial base superimposition according to the Steiner/ 
Tweed model. Anterior cranial base superimposition is on 
thesella-nasion (S-Na) line, registered at S. Both landmarks 
are unstable during the pubertal growth period. The difference 
between the registration on S in the Steiner/Tweed superim
position and the Bjork structural superimposition (see Fig
1-27) is rather small. However, the positional change of Na in 
the Steiner model is upward/forward, while in the structural 
model (see Fig 1-27), the movement is downward/forward. 
The end-of-retention tracing is rotated forward around S in the 
Steiner/Tweed superimposition .The roofs of the orbits appear 
to remodel upward, while the middle cranial base remodels 
downward and forward, so that the temporomandibular joints 
also come forward and downward. The nasal floor and palate 
show almost no downward angle, only frontal forward dis
placement, which reflects the rotation of the S-Na line. The 
mandible seems to be displaced forward and downward by 
two modes: downward and forward remodeling of the joint 
fossa and condylar growth. The mandibular line (tangent to 
the lower border) seems to become displaced in parallel, with 
very little change in inclination.

Fig 1-27 Cranial base s니perimposition according to the Bjork 
structural model. All of the remodeling and displacement 
changes that are supposed to have occurred according to 
the Steiner/Tweed superimposition (see Fig 1-26) are shown 
to be considerably different in the structural superimposition 
because of the growth changes that have occurred at Na. Be
cause of the superimposition on the S-Na line and registration 
at S in the Steiner/Tweed model, the differences in the cranial 
base are transferred to the posterior cranial base. The effect 
is a seemingly exaggerated downward remodeling of basion 
that results in the underestimation of vertical growth of the 
maxilla and the mandible in the Steiner/Tweed superimposi
tion. An additional major difference results from the positional 
change of the fossa; mandibular condylar growth appears 
underestimated in the Steiner/Tweed model because of the 
downward movement of the joint. The structural superimposi
tion reveals a slight posterior rotation of the mandibular line; 
a slight posterior "total rotation" has occurred. The Steiner/ 
Tweed model seems to predict a more favorable treatment 
outcome with more forward mandibular growth and less ver
tical development. However, that outcome is not substanti
ated by the evidence-based stmctural method.



Fig 1-28 Cranial base superimposition according to the Rick
etts model. For observation of overall changes, the Ricketts 
method uses the nasion-basion (Na-Ba) line to orient the trac
ings and registers on point C, the posterior upper limit of the 
pterygomaxillary fissure. The changes of sella and surround
ing structures are very different when compared with the 
findings of the structural s니perimposition (see Fig 1-29). With 
the Ricketts model, the effect on the perceived growth of 
the facial structures is that the temporomandibular joint and 
mandible are underestimated and concealed, specifically the 
downward growth by the sutural system of the midface. This 
also may lead to the impression that the nasal floor does not 
descend by resorption, as is shown in the structural superim
position, but rather shows some deposition because it (along 
with the nasal spine) would move slightly upward. Enlow and 
Bang54 demonstrated that such a remodeling pattern is highly 
unlikely and contrary to what has been found histologically.

Fig 1-29 Cranial base superimposition according to the Bjork 
struct니ral model (same as Fig 1-27). The well-documented 
growth pattern95100-101 of the midsagittal portion of the cranial 
base does not confirm the Ricketts superimposition. Nasion 
and basion change considerably in position, even during the 
relatively short time interval shown. The Ricketts procedure 
(see Fig 1-28) shows the mandibular lines as parallel and thus 
conceals the slight mandibular posterior total rotation that is 
revealed by the Bjork structural method. The general impres
sion of the Ricketts procedure is that it is rooted in conclu
sions preset from the start. Preconceived ideas of treatment 
effect are unconsciously confirmed by the selection of a par
ticular type of superimposition.



Fig 1-30 Superimposition on the lower contour of the symphysis and 
the lower border of the body (corpus) of the mandible according to 
the best-fit model. The result is that the dorsal growth of the ramus 
is shown parallel to the original contour. The dorsal contours of the as
cending ramus are parallel to each other.

Fig 1-31 Mandibular superimposition according to the Bjork structur
al model. The contours are not parallel, and the direction of condylar 
growth is much more vertical compared with that shown in the best-fit 
superimposition (see Fig 1-30) and in the Ricketts model (see Fig 1-32). 
The three techniques also differ in perceived movements of the first 
molar and mandibular anterior region. In the best-fit model, the molar 
shows backward and upward movement, while in the structural model, 
molar movement is only slightly backward and later forward again. In the 
Riclietts model, movement of tPie dentition is only vertical, not forward

Fig 1-32 Mandibular superimposition according to the Ricketts model. Xi 
point is the center of the ramus and located halfway between the low
est point of the sigmoid notch and the point immediately inferior to it, 
on the lower border of the ramus in the Frankfort horizontal orientation 
and halfway on the minimum depth of the ramus. It was introduced by 
Ricketts but is not a stable point in the corpus110 (see chapter 2). In fact, 
Xi moves considerably upward during growth due to the remodeling of 
the reference points and lines used to construct Xi.The effect of this is 
clearly reflected in the perceived direction of condylar growth. Ricketts 
et a I41 introduced the corpus axis, protuberance menti-Xi (PM-Xi) as 
an alternative for the traditional mandibular plane in superimpositions 
beca니se of the remodeling in the gonial region fᄋ니nd by Bjork.26'58'79-101 
PM is located at the symphysis at the crest of the mental protuberance 
at the point of recess of anterior contours.



Fig 1-33 Maxillary superimposition according to 
the best-fit model. This superimposition masks 
the vertical remodeling of the maxilla shown in the 
struct니ral superimposition (see Fig 1-34). Also note 
that the definition of anatomical fit for local maxil
lary s니perimposition is somewhat variable in the lit
erature. Baumrind et a I78 define this as "the simple 
outline of the hard palate." This comes close to the 
definition 니sed by Moorrees et al81: "the nasal floor, 
the apex of the palatal vault and any identifiable 
opaq니e detail in the trabecular are between the in
ner surface of the nasal floor, palatal vault and sub
nasal cortical plate, as well as any irregularity that 
can be identified on the outer and inner contours of 
the nasal floor and palate." Frequently, the line from 
the anterior nasal spine to the posterior nasal spine 
is used as an orientation. However, both landmarks 
are unstable.

Fig 1-34 Maxillary s니perimposition according to 
the Bjork structural model. The superimposition 
reveals some slight anterior rotation of the maxilla, 
which is masked in the best-fit model (see Fig 1-33). 
Remember that these tracings represent a treated 
patient, who showed considerable tooth movements.

Fig 1-35 Maxillary superjmposition according to 
the Ricketts model.41 This s니perimposition s니g- 
gests considerable backward sutural displacement 
and only a little downward remodeling of the max
illa, with resorption at the front and considerable 
deposition at the bony palate. In the structural su
perimposition (see Fig 1-34), the first molar moves 
forward and downward, while in the Ricketts su
perimposition the first molar shows backward and 
downward movement. This suggests an overesti
mation of treatment effects in the Ricketts super
imposition.



Fig 1-36 Metallic implants used as stable markers for facial growth evaluation, (a) Chrome-cobalt alloy pins (0.62-mm diameter; 2.00-mm length) were 
used initially; later, hardened tantalum pins (0.50-mm diameter; 1.50-mm length) that were more radiopaque (atomic number 73) and had better tissue 
compatibility were used. The instrument consists of a cylinder and piston, the point of which has the same diameter as the implants. A bayonet fitting 
limits the movement of the piston to the length of the implants. (Reprinted from Bjork26 with permission.) (b) For stability, the instrument is pressed 
against the bone (left). The implant is located a short distance from the tip of the instrument before it is hammered in place. In its final position, the 
piston projects beyond the tip of the instrument (right), so that the implant is driven deeper into the bone. (Reprinted from Bjork58 with permission.)

Fig 1-37 Placement of implant markers. A local anesthetic is applied to the sites where im
plants are to be placed. "The operator uses his or her left arm to steady the patient's head 
and his or her right hand to press the point of the instrument firmly against the bone. The 
instrument is grasped like a pencil and its sharp muzzle penetrates the periosteum. It enters 
a short distance into the bone, getting a firm purchase that prevents it from shifting while the 
pin is being driven into the bone and obviates any risk that the pin will not enter straight. The 
assistant drives home the implant with a smart tap of a lead mallet."26Three to four implants 
were inserted in each jaw. (Reprinted from Bjork26with permission.)

Development of the Str니ctural 
M ethod

History of the implant method

The structural method is the unparalleled achievement of 
Arne Bjork, who developed it on the basis of his implant 
studies. During the period from  1951 to 1985, Bjork st니d- 
ied facial growth longitudinally in more than 200 humans 
in whom metallic implants were placed as stable markers 
in selected positions in the jaws. By 1963, more than 900 
implants had been placed in 110 children.58

The firs t publication in which Bjork26 describes the clinical 
application of the implant method dates from  1955, and it is

a historic scientific breakthrough in the study of the human 
head (details of the technique were presented in later pub
lications [Figs 1-36 to 1-38]). Five patients were described at
2-year intervals, and each had a different individual growth 
pattern (Fig 1-39). 학,

In this firs t publication, Bjork had not yet developed the 
sophisticated use of implant lines and the procedures to 
demonstrate growth rotations that characterize his later 
publications.

Evolution of the structural method

The placement of metallic implants into the deeper struc- 
tures of the h니man head, s니ch as the cranial base, was 
impossible. However, a f 니ndamental histologic study of



Fig 1-38 (a to d) Bilateral implant locations in the 
maxilla. In children with primary incisors, pins were 
placed in the hard palate behind the primary ca
nines. After emergence of the permanent incisors, 
implants were always placed below the anterior 
nasal spine. Transverse widening of the jaw due to 
growth at the sagittal suture would result in implants 
that were located closer to the plane of the film and, 
thus, in an error. This error seemed of minor impor
tance. Implants proved unstable 니nder certain con
ditions, and their positions altered in the jaw. The 
main causes of this were oblique placement of the 
implant at insertion due to periosteal traction111-112 or 
placement in the path of eruption of the teeth, with 
the result that the implant was carried along with 
the teeth. It also was found that implants would mi
grate to the nasal cavity because of bone resorption 
at the nasal floor.55-56 (Figs 1-38a and 1-38c reprinted 
from Bjork and Skieller56 with permission.) (e) Lo
cation of implants in the mandible. Implants were 
only placed on the right side, closest to the film, to 
avoid extra enlargement. Pin 1 was inserted in the 
median plane in the symphysis at a level below the 
apices of the incisor. Pins 2 and 3 were placed be
low the first and second premolars, respectively. Pin 
4 was placed on the external aspect of the ramus, 
level with the occlusal surface of the molars. This 
pin sometimes was gradually exposed due to re
sorption and a new one was needed. (Adapted from 
Bjork with permission.58)

human autopsy material of the cranial base in growing in
dividuals by Birte Melsen,100 University of Arhus, Denmark, 
complemented and refined the anterior cranial base super
imposition proposed by Bjork.101

On the basis of the evidence prod니ced by Melsen and 
Bjork, it became possible to identify those structures in the 
cranial base that are stable after a certain age on cephalo
metric radiographs.

The investigations of the cranial base and the implant 
st니dies of the maxilla and the mandible resulted in funda

mental progress in two aspects: (1) demonstration of indi
vidual variation of growth patterns and (2) identification of 
natural reference markers.

Dem onstration o f individual variation 
o f growth patterns

The implant cases demonstrated the large individual variation 
of growth patterns of the dentofacial complex. This res니Ited 
in new and 니nparalleled 니nderstanding of how variations in



Fig 1-39a General superimposition of the first case published by Bjork26 in 1955—boy 4245 g—reprinted in its original form. Superimposition is on the 
anterior cranial base. The lines connecting the implants demonstrate, In lateral projection, the shift in space of the six implants in the 2-year period 
between the ages of 4 years 10 months and 6 years 10 months. Note the difference in the direction of shifting between maxillary implants (1, 2, 
B̂) and mandibular implants (4, 5, 6). Bjork used the initial sella-nasion (S-Na) line as a horizontal reference (instead of Frankfort horizontal) and S-Na 
perpendicular line as a sagittal reference. (Reprinted from Bjork26 with permission.)

Fig 1-39b Very first local superimpositions of the maxillary and mandibular tracings on metallic implants placed in a human child {boy 4245 g). Bone 
deposition is visible in the vertical and posterior directions in the maxilla at the alveolar ridge and the tuberosity region. In the anterior region, no sagit
tal deposition can be seen. The nasal floor demonstrates resorption, with downward and slightly forward remodeling of the anterior nasal spine. The 
lowering of the maxilla is accompanied by deposition at the floor of the orbit. The vertical sutural additions to the height of the maxillary frontal process 
can be estimated by the increase observed at the nasofrontal suture. The lowering of the maxilla due to sutural growth can be estimated by the shift of 
the implants 1, 2, and 3 (see Fig 1-39a).The direction of growth of the condyle is upward and forward. Deposition of bone can be seen at the mandibu
lar alveolar ridge, and there is a frontal area of periosteal resorption above the chin region, where there is no deposition of bone. Resorption can be 
seen at the gonial region and the upper part of the posterior surface of the ramus. This first superimposition with implants in essence demonstrated 
the differences between Bjork's implant studies and the procedures 니sed by Broadbent39-68 and Brodie.73 (Reprinted from Bjork26 with permission.)



facial form  develop and clarified their impact on the devel
opment of maloccl니sions.The need to understand the in fl니- 
ence of the individual growth pattern on treatment outcome 
became evident. Facial form  and its changes are compared 
w ith  the patient and are largely independent from  popula- 
tion-derived standards.

Identification o f natural reference markers

Bjork's investigations identified the location of natural ref
erence markers in the anterior cranial base, the mandible, 
and the maxilla. Natural reference markers can be used fo r 
the superimposition of the anterior cranial base, the max
illa, and the mandible of patients in whom no implants have 
been placed.This made the method accessible fo r clinicians 
and researchers to investigate treatment ᄋ니tcomes in pa
tients.

Again, it should be stressed that the structural method is 
f 니ndamentally different from  all other methods of super
imposition because it is evidence-based. The method 니ses 
natural internal struct니res present in the bones of the in
dividual and visible on serial films. It is independent of the 
use of landmarks or planes and of comparisons w ith pop니- 
lation-derived standards. Chapter 2 deals w ith  the natural 
reference markers in great detail.

Prediction of facial growth

There was great hope fo r facial growth prediction between 
1970 and 1985. A possible im pet니s fo r that optim ism came 
from  the clinically successful prediction of total body 
height.113 The hypothesis was that the initial cephalogram 
of a patient contained hidden, detailed information on how 
the face would grow.That hypothesis was also more or less 
derived from  Brodie's opinion73,114 that the growth pattern of 
the human head, once established in early childhood, does 
not change and that orthodontic treatment would be limited 
to changes in the alveolar processes. If that hidden infor
mation could be retrieved and compared w ith an appropri
ate database, prediction would be so precise that it could 
determine the plan and ᄋ니tcome of treatment. Prediction 
methods were designed in several ways, mostly based on 
population averages,115 and the design of a visual treatment 
objective (VTO)—the superimposition of the pretreatment 
tracing and the designed prognostic tracing —became part 
of treatment-planning procedures.41

The prediction method developed by the Ricketts group41 
was based on averages of change per year (and their stan
dard deviations) over a 5-year period in a number of well- 
known cephalometric variables resulting from  the analysis 
o f the group's record collection. It was assumed that in the 
individual patients fo r whom prediction would have to be 
done, change would be w ith in 1 standard deviation. The 
VTO was superimposed on the nasion-basion line.

Both of those reference points are unstable and change 
w ith growth (see Figs 1-28 and 1-29). Greenberg and John
ston116 questioned the u tility  of these procedures in patients 
in whom growth was a significant factor during treatment. 
They concluded that the method showed serious flaws, and 
prediction proved unreliable.

Even in the early 1960s, w ith  the insights gained from 
the implant studies, the Copenhagen researchers expected 
that prediction could be so precise that the initial cephalo-

gram could be used in that way.58 Bjork96 elaborated on the 
idea further in 1969, when he suggested that certain inter
nal bony s tn jc t니res could be used fo r the prediction of the 
growth pattern and that these were more useful than angu
lar measurements. He presented seven structural signs of 
extreme growth rotation. These structural signs were sup
posed to correlate w ith the direction of the condylar growth.

Ari-Viro and W isth102 eval니ated the method of struct니ral 
growth prediction proposed by Bjork. A team of 11 observ
ers evaluated the initial cephalogram of 42 children 니sing 
the anatomical characteristics indicated by Bjork. The in
tern bserver and intraobserver reliability was acceptable. 
Mandibular rotation was determined on cephalograms of 
the same children at 4-year intervals.There was no absolute 
correlation between the scores of different criteria and man
dibular rotation. Ari-Viro and W isth102 concluded that the 
method did not work well in patients w ith relatively small 
rotational changes and suggested further st니dy using ex
treme cases.

Skieller and co-workers117 explored the prediction of man
dibular growth rotation in a retrospective study of implant 
cases. They selected 21 ind iv id니als w ith extreme growth 
patterns from  a group of 100 children. A growth prediction 
procedure was designed based on 10 m orphologic charac
teristics. However, the results were discouraging: Only fo r 
extreme cases was prediction of clinical significance.118

Baumrind et a I119 reported the res 니 Its of an experimental 
study in which a team of experts tried to predict mandibular 
growth rotation in selected patients w ith moderate growth 
patterns. The experts failed to do better than chance. An 
evaluation of the Skieller prediction method by the Baum
rind team 120 on a different sample of patients w ith implants 
showed the method to be less 5니0065511|1.1>16 team neverthe
less concluded that clinicians were made aware of the com
plexities of predicting growth patterns in individual cases.

In a further study,119 the prediction of mandibular rotation 
using 4 of the 10 m orphologic characteristics of the Skieller 
method117 was assessed in a sample of 40 randomly select
ed, untreated adolescents. Statistical analysis showed that 
clinically useful prediction of future mandibular growth ro
tation in a general population was not possible.

Chvatal et al121 designed a new prediction procedure and 
concl니ded that longitudinal growth curves based on m 니I- 
tilevel procedures can accurately describe population and 
individual growth curves in persons fo r whom longitudinal 
data are available.The longitudinal growth curves they de
veloped are based on a longitudinal cephalogram series of 
159 girls and 128 boys.The authors claim that 5-year predic
tions w ith this method are highly accurate. The procedure 
appears promising fo r extreme growth patterns.

Von Bremen and Pancherz122 tested the str니ctural signs of 
mandibular growth rotation in a single pretreatment cepha
logram, as indicated by Bjork, to see how well their pres
ence could be 니sed fo r diagnostic purposes.The questions 
asked were: (1) Is specific mandibular m orphology related 
to hyperdivergent or hypodivergent forms? (2) Are severely 
deviant forms more easily detected than mild ones? (3) Is 
that age related? The subject group consisted of 135 Class 
I or Class II individuals; of these, 95 individuals exhibited 
a large (> 38 degrees) and 40 ind iv id니als had a small (< 26 
degrees) mandibular plane angle (intersection of the man
dibular pane and the sella-nasion line.

On two occasions, nine observers judged m andib니lar cut
tings from  the lateral cephalograms. The observers, who



were unaware of the actual skeletofacial morphology, had 
to categorize the mandibular cuttings as belonging to either 
hypodivergent or hyperdivergent faces.The results showed 
that it was difficult to categorize subjects as either hypodi
vergent or hyperdivergent on the basis of mandibular mor
phology. Age was not a factor. Hypodivergency was easier 
to identify than hyperdivergency.

In summary, it must be stated that facial growth prediction 
using the initial lateral cephalᄋgram —with the exception of 
extreme cases—seems to have limited potential. It appears 
that the cephalogram of the average patient does not con
tain the data necessary fo r clinically useful prediction. The 
reasons fo r this are not easily explained. The m ultitude of 
genetic, epigenetic, and environmental factors controlling 
skeletofacial morphology in future space and time m ight 
not express themselves sufficiently to be detectable in the 
abstraction of a child's lateral cephalogram.The process of 
growth rotation as described by Bjork seems to be a process 
that occurs to an appreciable amount only in extreme cas
es. It may be that m orphologic deviants participate in that 
process variably in time, location, direction, and amount. A 
somewhat sim ilar phenomenon has been observed in facial 
asymmetry where patients showed progressive, decreasing, 
or stable asymmetry.123 The final conclusion by Von Bremen 
and Pancherz122 that morphologic growth prediction 니sing 
mandibular struct니ral signs has to be regarded with skepti
cism is justified. When longit니dinal records of a patient are 
available, prediction m ight be more accurate, as the findings 
by Chvatal et al121 show.

Again, it must be realized that the head is the most com
plicated structure of the human body, and many factors de
term ining details of its m orphology are not yet understood. 
This does not mean that information from  the initial cepha
logram is 니seless. Caref니I and thoughtfu l consideration of a 
patient's facial form  characteristics alerts and sensitizes the 
clinician to be cautious when considering treatment solu
tions and results.The cogent comment by Baumrind et al119 
also reminds us of a different reality: Orthodontists seem to 
rely more on continual observation of treatment progress to 
monitor prediction than on the use of pretreatment records.

Recent commercial developments

Several different superimposition methods have been used 
in commercially available software programs. Not all of 
these methods have identical merits. With the scientific basis 
available, improved radiographic techniques, and advanced 
computer applications, an evidence-based choice should be 
made; the obvious choice is the struct니ral method. All other 
superimpositions may be useful as illustrations to highlight 
a pretreatment or posttreatment difference, but they are 
unsuitable fo r interpreting what occurred during growth 
and/or treatment in a single patient.

Conclusion

As is the case w ith every scientific method in biology, the 
structural method of s니perimposition is accompanied by 
uncertainties and lim itations. However, the structural meth
od is the best approach available beca니se it is evidence- 
based; all other methods lack any foundation of evidence.

There is no legitimate reason fo r orthodontic professionals 
to continue on the basis of tradition or convention w ith the 
clinical use, teaching, or acceptance of published methods 
that have been shown to be invalid.

The intricacies of the stn jc t니ral method, its evidence 
base, and details related to its background are extensively 
reviewed in chapter 2. Exec니tion of the sta ic t니ral method of 
superimposition requires specific knowledge and training, 
a topic reviewed in chapters 3 through 6. Application of the 
method is demonstrated in chapters 7 and 8.
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CHAPTER

Validity and Reliability: 
Method Error

The struct니ral method usually incorporates three different 
s니perimpositions: (1) general superimposition on the ante
rior cranial base, (2) local superimposition of the mandible, 
and (3) local superimposition of the maxilla. Each of these 
superimpositions has specific lim itations related to method 
error. Insight into method error becomes particularly rele
vant if the time interval between the cephalograms is rela
tive ly short and the changes brᄋ니ght about by growth and 
treatment are relatively small. Such is often the case in the 
evaluation of orthodontic patients. The fo llow ing sections 
disc니ss the method error o f each of the three superimposi
tions w ith  regard to their validity (ie, biologic significance) 
and reliability (ie, precision and accuracy). In addition to lo
cal superimpositions of the mandible and maxilla, regional 
superimpositions1"4 are also 니sed to investigate changes in 
the position of the mandible relative to the maxilla and vice 
versa.The valid ity and reliability of that procedure depends 
on (1)the valid ity and reliability of local s니perimposition of 
either the mandible or the maxilla and (2) the accuracy of 
registration of the occlusion.This chapter does not address 
the topic o f regional superimposition.

Most studies on reliability predate the era when advanced 
computerized manipulation of radiographs became possi
ble. Nevertheless, they provide the logical basis fo r work 
w ith newer digital methods. Chapters 7 and 8 address the 
practical aspects of structural superimposition.

M ethod Error in Structural 
Superimposition on the ,
Cranial Base

Validity of structural superimposition on the 
cranial base
The valid ity of general superimposition using the structural 
method w ith nat니ral reference markers is largely based on 
the histologic investigations of Melsen.5 The principal find 
ings of that study are summarized in Fig 2-1.

The application of str니ct니ral anterior cranial base s니per
imposition req니ires thorᄋ니gh knowledge of the anatomy of 
the region and how it is imaged in the cephalogram (Figs 
2-2 to 2-7).The clinical significance o f the results by Melsen5 
is the finding that tw o relatively distant structures are stable 
after the age o f 6 years.The anterior part of the sella turcica 
(see Fig 2-1, surface 5) can be used to register the superim
posed tracing in a horizontal direction, while the cribriform  
plate of ethmoid bone and the squamous part of the frontal 
bone (see Fig 2-1, surfaces 1 and 2) can be used to orient the 
superimposed tracing in a vertical direction.This can e lim i
nate rotational errors to a large extent.

In many publications, only surfaces 3, 4, and 5 in Fig 2-1 
are used fo r a best-fit superimposition, but the use o f only 
these contours is not recommended fo r two reasons. First, 
the endocranial (meningeal) periosteal surface of the jugum
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Fig 2-1 Stable surfaces useful for structural superimposition on the anterior cranial base are indicated in red. 1. Cerebral surface of 
the squamous part of the frontal bone; 2. lamina cribrosa of the ethmoid bone; 3. jugum of the sphenoid bone; 4. sulcus chiasmatis 
and tuberculum sellae; 5. anterior part of sella turcica; 6. posterior part of sella turcica; ᄀ. anterior part of the dorsum sellae; 8. ante
rior part of clivus; 9. sphenoethmoidal suture. Data based on a carefully documented autopsy study of the histology of the midline 
structures of the cranial base from 76 males and 50 females aged between 0 and 20 years. (Adapted from Melsen5 with permission.)

Fig 2-2 (a and b) Details of the anterior cranial base in a cephalᄋgram. 1. Anterior wall of the pituitary fossa (sella turcica); 2. point 
where the anterior wall of the pituitary fossa crosses the inferior surface of the anterior clinoid process (Walker point6); 3. sulcus 
chiasmatis, tuberculum sellae, and the jugum of the corpus of sphenoid bone; 4. j니gum of sphenoid bone, crossed by the greater 
wings; 5. lamina cribrosa of ethmoid bone; 6. cerebral surface of the roof of ethmoidal air cells (ethmoidal crest); 7. orbital surface 
of the orbital part of the frontal bone (roof of orbita); 8. cerebral surface of the squamous part of the frontal bone; 9. greater wings 
of the sphenoid; 10. anterior wall of the pterygoid fossa (formed by the maxillary tuberosity). The anterior wall of the pituitary fossa
(1) and Walker point (2) are very visible and used for orientation superimposition because they are reported to be stable very early 
in life. The cribriform plate (5) is the most inferior of three contours: the orbital roof (7), the ethmoidal crest (6), and the cribriform 
plate (5). It is often rather indistinct but can be found by starting at the jugum (4), where the greater wings (9) cross, and following 
slightly downward, not upward, because the cribriform plate lies in a recess between the uppermost ethmoidal air cells and the 
ethmoidal crests. Double images are normally seen in the anterior cranial base region; the most common are (9) and (7) (see chapter 
4). The orbital surface of the roof of the orbita (7) is clearly visible in cephalograms. It is often erroneously included in tracings as 
if continuous from the sulcus chiasmatis (3) and then used for superimposition. However, it is not a midline cranial base structure. 
The cerebral surface of the roof of the orbita is often indistinct due to the projection of impressiones gyrorum and juga cerebralia. 
The cerebral orbital surface is resorptive and the orbital surface is depository during anteriᄋr-directed displacement growth of the 
orbits.7 The age at which growth changes of these surfaces cease is not entirely clear. These structures cannot be recommended 
for anterior cranial base superimposition.



Fig 2-3 Median sagittal section of the adult skull (left half, with the nasal septum and the vomer removed) showing the cranial base 
and facial midline structures as observed in lateral cephalograms. The labeled structures are selected on the basis of their visibility in 
cephalograms and their significance in relation to the cephalometric tracing technique and structural superimposition. 1. Anterior rim 
of the foramen magnum of the basilar part of the occipital bone; 2. clivus; 3. dorsum sellae; 4. posterior clinoid process; 5. posterior 
wall of the pituitary fossa (sella turcica); 6. anterior wall of the pituitary fossa and tuberculum sellae; 7. jugum of the sphenoid bone; 
8. lamina cribrosa of ethmoid bone; 9. cerebral surface of the roof of ethmoidal air cells; 10. cerebral surface of the orbital part of 
the frontal bone; 11. frontal crest of the frontal bone; 12. frontonasal suture; 13. anterior nasal spine; 14. posterior rim of the medial 
pterygoid plate; 15. posterior rim of the lateral pterygoid plate; 16. sphenopalatine foramen; 17. posterior nasal spine. The spheno
palatine foramen (16) is formed by the sphenopalatine notch at the upper end of the perpendicular plate of the palatine bone and the 
body of the sphenoid. The foramen is often visible in cephalograms at the upper limit of the pterygopalatine fossa (pterygomaxillary 
fissure). Posterior nasal spine (17) is formed where the posterior limits of the horizontal parts of the right and left palatine bones 
meet at the median palatine suture. .

Fig 2-4 Internal surface (viewed from above) of the anterior cranial base in the skull of a child aged about 8 years. 1. Crista galli; 2. 
frontoethmoidal suture; 3. roof of the ethmoidal air cells; 4. cribriform plate of ethmoid bone; 5. jugum of !he sphenoid bone; 6. 
sulcus chiasmatis (prechiasmatic groove); 7. anterior clinoid process; 8. tuberculum sellae; 9. pituitary fossa; 10. posterior clinoid 
process; 11. foramen rotundum; 12. optic canal; 13. sphenoethmoidal suture; 14. sphenofrontal suture. The crista galli (1) of the eth
moid bone is a small, thin, vertical midline plate projecting upward between the cribriform plates. In life, it is connected to the falx 
cerebri. The crista galli is only occasionally visible in cephalograms. The jugum of the sphenoid bone (5) is the flat cerebral surface of 
the body of the sphenoid. It is 니sually easily visible in cephalograms and often 니sed for s니perimpositiᄋn. Melsen,5 however, noted 
continuous bone deposition during puberty until 14 years of age (see Fig 2-1). Systematic incorporation of the jugum in structural 
superimposition of the anterior cranial base procedure is not recᄋmmended.The sphenoethmoidal suture (13) is the articulation 
between the body of the sphenoid and the ethmoid bone. The sphenofrontal suture (14) is the articulation between the lesser 
wing of the sphenoid and the orbital part (roof) of the frontal bone. Both sutures appear to be still open, indicating possible growth 
activity in an anteroposterior direction. According to histologic studies by Melsen,5 these sutures finish growth activity at 7 years of 
age (see Fig 2-1).The roof■ᄋf the ethmoidal air cells (3) is not part of the frontal bone: The frontoethmoidal suture runs through the 
medial and lateral walls of the upper ethmoidal air cells. On lateral cephalograms, the cerebral surface of the roof of the ethmoidal 
air cells is usually easily visible (see Fig 2-2 [6]). The foramen rotundum (11) perforates the greater wing of the sphenoid, passing 
the maxillary nerve.



Fig 2-6 Internal surface (slightly oblique, viewed from above) of the anterior cranial base in the skull of a child aged about 15 years. 
1. Foramen ovale; 2. posterior clinoid process; 3. anterior clinoid process; 4. posterior margin of the lesser wing of the sphenoid;
5. sphenofrontal suture; anterior margin of the lesser wing of the sphenoid; 6. superior orbital fissure (entrance); 7. dorsum sellae;
8. t니berculum sellae; 9. superior orbital fissure; 10. foramen rotund니m; 11. optic canal; 12. sulcus chiasmatis (prechiasmatic groove);
13. sphenoethmoidal suture; 14. roof of the ethmoidal air cells; 15. cribriform plate of ethmoid bone; 16. crista galli; 17. frontal crest 
of the frontal bone. The posterior clinoid process (2) and part of the dorsum sellae (7) were covered with cartilaginous tissue that was 
lost with the maceration process d니ring specimen preparation. The sphenofrontal sut니re (5) and the sphenoethmoidal suture (13) ap
pear closed. These s니tures are parts of the transverse coronal s니ture system together with the coronal, the sphenosquamosal, sphe
nozygomatic, and temporozygomatic sutures. The transverse sutural system allows for the sagittal forward growth of the anterior 
cranial fossae and midfacial bones. These sutures are not visible in cephalograms, but their location can be estimated (see Fig 2-7).

Fig 2-5 Internal surface (viewed from above) of the anterior cranial base in the skull of a child aged about 15 years (compare to Fig 
2-4). 1. Remnants of the sphenoethmoidal suture; 2. remnants of the frontosphenoidal suture; 3. roof of the ethmoidal air cells and 
ethmoidal crest; 4. crista galli; 5. foramen caecum. In the anterior cranial base, the sphenoethmoidal suture (1) and frontoethmoidal 
suture (2) appear closed. The roof the ethmoidal air cells (3) is lateral and more superior than the cribriform plate, while the roof 
of the orbit is even higher and much more lateral. In the cephalogram (see Fig 2-2), all three structures can be seen: The lowest is 
the cribriform plate, the middle contour is formed by the roof of the ethmoidal air cells (3), and the most superior one is the roof of 
the orbit. The most superior ethmoidal air cells are partly projected between the cribriform plate and the image of the roof of the 
ethmoidal cells. Often their walls can be distinguished consistently in serial cephalograms and included in the tracing to enhance 
superimposition.
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Fig 2-7 Internal surface (viewed from above) of the base of the adult skull. 1. Foramen magnum; 2. basion (midsagittal point at the 
anterior rim of the foramen magnum); 3. clivus; 4. dorsum sellae; 5. posterior clinoid process; 6. anterior clinoid process; 7. cerebral 
surface of the greater wing of the sphenoid bone; 8. frontal crest of the frontal bone; 9. cribriform plate; 10. roof of the ethmoidal air 
cells; 11. sulcus chiasmatis; 12. cerebral surface of the orbital part of the frontal bone; 13. middle cranial fossa (colored transparent 
blue). The red line touching the posterior borders of the lesser wings of the sphenoid bone crosses the midline approximately at the 
location of the sphenoethmoidal suture. Variation has been found in the location and morphology of the sphenoethmoidal and the 
sphenofrontal sutures.8The cerebral surfaces of the greater wings of the sphenoid bone (7) are usually very visible in the cephalo- 
gram as double images.These surfaces form the anterior limits of the middle cranial fossae (see Fig 2-2 [9]).The middle cranial fossa 
(13) is limited by three structures: The anterior border is the greater wing of the sphenoid (7); the lateral border is the squamous part 
of the temporal bone; and the posterior border is the anterior surface of the petrosal part of the temporal bone. The frontal crest (8) 
is sometimes visible in cephalograms. However, the anterior limit of the anterior cranial fossa formed by the cerebral cortex (the 
inner table of the squamous part of the frontal bone) has better visibility (see Fig 2-2 [8]). Bjork included this structure in tracings.9

(surface 3) and the sulcus chiasmatis (s니rface 4) show con
tinued slow and even deposition of bone and reach stabil
ity only after puberty. Second, these areas are close to area 
5, which makes this s니perimposition sensitive to rotational 
errors and/or incorrect horizontal and vertical registration. 
Fig니re 2-8 demonstrates the serious consequences of rota
tional errors.2-10

Reliability of structural superimposition 
on the cranial base

With several different techniques possible in that time pe
riod, Houston and Lee10 reported on the accuracy o f vario니s 
procedures of superimposition on the cranial base using the 
Bjork structural method.The authors warned that acc니racy 
errors in superimposition give a misleading impression of 
facial growth. A 4-degree rotation of sella-nasion (S-Na) 
line, w ith S as the rotation point, gives rise to an appre
ciable displacement at the chin (see Fig 2-8).

Buschang et al11 compared the technical reliability of struc- 
t 니ral superimposition on the cranial base and mandible as 
described by Bjork and Skieller.9 Structural superimposition 
of the anterior cranial base was more reliable and req니ired 
less training than local mandibular superimposition. The 
method errors fo r the cranial base s니perimposition ranged 
from  0.17 to 0.41 mm, while those fo r the mandible ranged 
from  0.37 to 0.93 mm.The vertical orientations on the poste
rior reference markers fo r bothpsuperimpᄋsitions show the 
greatest technical error. They concluded that the method is 
accurate and effective.

Since these studies were published, the general quality 
of cephalograms has improved. Also, currently available 
digital techniq니es allow fo r manipulation of radiographs in 
ways that may considerably enhance accuracy in individual 
cases. In addition to such improvements, techniques using 
individually prepared tracing templates further improve ac- 
c니racy. Chapters 4, 7, and 8 describe these proced니res.



Fig 2-8 Effect of a small error in anterior cranial base su
perimposition. Compare the correct superimposition (a) to 
one showing a 4-degree rotation {b)\ identical tracings were 
used. The red tracing in b is erroneously superimposed, 1.2 
mm too far downward, with the cribriform plate tracing, 
while in the anteroposterior direction the superimposition 
in the sella (S) region is correct. This leads to an erroneous
4-degree downward rotation with S as the center of the 
rotation (small blue arrow). The effect in displacements at 
the chin region, however, is considerable. It appears as if 
the anterior facial height increased considerably, the maxil
lary and mandibular region grew vertically downward, and 
the mandibular plane rotated 4 degrees more posteriorly 
than actually occurred with growth and treatment. Note the 
difference in direction of changes in the chin region (large 
blue arrows). S니ch errors may result in a misleading impres
sion of facial growth. (Adapted from Houston and Lee10 with 
permission.)



Fig 2-9 Mandibular natural reference structures identified on 
cephalogram, as indicated by Bjork and Skieller.91. Outside corti
cal outline at the chin; 2. any trabecular structure in the lower part 
of the symphysis; 3. internal cortical outline of the symphysis; 4. 
fundus of the crypt of the molar from the time of mineralization 
of the crown until the start of root formation and also possibly 
of a premolar germ; 5. contours of the mandibular canal; 6. the 
contours of the anterior border of the ram니s of the second trac
ing should be posterior, not anterior, to the first tracing. Bjork and 
Skieller9 named this "the logical sequence of growth," and it can 
be observed in Figs 2-10 and 2-11.

Fig 2-10 Superimposition on implants 1, 2, 3, and 4. In 
this example of extreme forward growth rotation, note 
the forward/upward—directed growth of the mandibular 
condyle and the forward/upward-directed drift of the 
complete dentition. Due to the forward rotation during 
growth, there appears to be no or little posteriorly di
rected drift of the anterior limit of the ramus, thus limit
ing space for the erupting permanent third molars. There 
was some endosteal resorption combined with consid
erable periosteal deposition at the most inferior region 
of tne cortex of the symphysis. The fundi of the alveoli of 
the third molar and second premolar are superimposed. 
(Reprinted from Bjork12 with permission. Printed in mir
ror image, with color added by the authors.)

M ethod Error in M andib니lar 
Structural Superimposition

Validity of mandibular structural 
superimposition

By superimposing radiographs on metallic implants in the 
mandible, Bjork and Skieller9 detected bony areas in the 
mandible that appeared stable d니ring determined periods

ᄋf  time, which they labeled natural reference markers. Fig
ure 2-9 shows the location of these markers (1 through 5). 
Marker 6, the anterior border of the ramus, plays a different 
role, as explained in the legend. In the paragraphs that fo l
low, specific detailed attention is given to the evidence base 
fo r each of the five natural reference markers. Figures 2-10 
and 2-11 are examples from  Bjork's publications12 demon
strating the results of implant studies and the use of natural 
reference markers. In 2010, Springate13 detected additional 
markers, and these are disc니ssed as well.

11 y 7 mo 
17 y 7 mo
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Fig 2-11 Superimposition on implants 1, 2, and 3. The growth of the condyle is in a posterior direction, and growth rotation is back
ward directed. The rate of condylar growth is approximately one-third the amount seen in the forward rotating mandible in Fig 2-10. 
The ramus is drifting in a posterior direction. The dentition drifts upward and, in the anterior region, even in a posterior direction. 
Space for third molar emergence is provided by posterior drift of the anterior contour of the ramus. The fundus of the alveolus of the 
third molar is superimposed. Compared with the case shown in Fig 2-10, only a small amount of bone is deposited under the chin 
(about 0.6 mm per year in the forward rotating mandible and approximately 0.2 mm in the backward rotating mandible). The vertical 
growth of the alveolar process, however, does not seem to be much different. The endosteal surface in the symphysis has remained 
stable during the observation period, in contrast to that in the forward rotating mandible, in which some resorption has occurred. 
(Reprinted from Bjork12 with permission. Printed in mirror image, with color added by the authors.)

Fig 2-12 (a) Fundus of the crypt of a premolar before active deposition takes place, (b) Rapid bone deposition took place in the fundus 
of the crypt of this premolar. The rapid eruptive movement of the tooth ᄋcc니rs during this stage, and remnants of the original fundus 
can still be seen. They are sometimes also visible on radiographs and can then still be 니sed as a reference structure.14 (Reprinted 
from van der Linden and Duterlᄋᄋ15 with permission.)



Fig 2-13 Details of the internal morphology of the mandible of a child of approximately 10 years of age. Note the close relationship 
of the fundus of the crypt of the mandib니lar right third molar and the roots of the mandibular right second molar to the mandibular 
canal. The internal surfaces of the crypt fundi of the second and third molars are smooth, indicating resting surfaces or very slow 
bone deposition. The position of the partly developed crown of the third molar has changed postmortem.

Rem odeling o f  dental crypts

Evidence to validate these nat니ral reference markers comes 
from  histologic studies of the remodeling o f dental crypts 
of unerupted molars in the mandible (and maxilla). It was 
shown that the fundus of the dental crypt is stable from the 
start of crown calcification during root form ation until the 
start of the rapid eruptive movement of the tooth (Fig 2-12). 
In that period, the crypt f 니ndus can be seen clearly and 니sed 
fo r superimposition.14"18 In exceptional circumstances, when 
the eruption movement is hindered, the root apex may grow 
downward fo r some tim e.14

In clinical applications the th ird molar crypt is o f limited 
use as marker because of its large developmental variation 
and the relatively short tim e frame.

M andibular canal

Histologic evidence to s니pport the use of the wall and/or 
the trabecular pattern arᄋ니nd the most dorsal part of the 
mandibular canal (see Fig 2-9, marker 5) is not immediate
ly apparent. In all likelihood, in the lateral view, bone re
modeling around the canal is slow, fo llows the dorsolateral 
drifting of the ascending ram니s and the lengthening of the 
neurovascular bundle, and maintain a relative spatial posi
tion. Occasionally, the persistence of trabeculae related to 
the canal can be seen in serial lateral cephalograms. Figure
2-13 shows the close spatial relationship between the crypt 
fundus and the canal in childhood.

Krarup et al19 performed a three-dimensional (3D) analysis 
of mandibular growth (Fig 2-14). The materials of the study 
consisted of the records of 10 children w ith Apert syndrome 
(5 boys and 5 girls).The mandible in such cases is normal in 
size and shape. All patients received craniofacial computed 
tomography scans in connection w ith diagnosis, treatment 
planning, and postoperative follow-up. Structural superim
position was performed according Bjork and Skieller9 for 
conventional lateral cephalograms. The results supported 
the relative stability of the mandibular canal in the lateral 
view, as proposed by Bjork and Skieller9 in 1983. However, 
the mandib니lar canals increase in length and are actually 
relocated laterally. Moorrees et al4 stressed the importance 
of the location of a natural reference marker in the distal 
portion of the mandible beca니se th is is the area where most 
growth occurs.

The canal is imaged as an upward curve in the gonial 
area, where its horizontal path changes vertically toward the 
mandibular foramen and the ling니la. The part of the canal 
dorsal of the permanent firs t molars forms during postnatal 
growth, and its c니rvature relates to the ramal growth pat
tern.20 Only occasionally, the full length of the bony cortex 
around the neurovascular bundle is seen. The vis ib ility  of 
the canal appears related to the cancellous bone density.21 
The recent study by Springate13 confirms the stability in lat
eral view, particularly of the anterior part of the canal. Dou
ble images are normal. Occasionally the panoramic view 
is helpful fo r identifying structures (Fig 2-15). Thus, it ap
pears logical to 니se the part of the image of the canal that is 
closest to the firs t molar.
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Fig 2-14 Records from the same individual from the study by Kramp et al19 at four different ages: ᄋ, 1, 7 and 10 years. Color code: gray = permanent 
third molar; purple = permanent second molar; red = permanent first molar; green = permanent premolars and canines; blue = mental foramen; 
yellow = symphysis menti; pink = mandibular canals, (a) Superimposed computed plots of the frontal view, showing the symphysis menti and the 
mandibular canals. Note the lateral movement of the mandibular canals, (b) Superimposed computed plots of the lateral view, showing the symphysis 
and the mandibular canals. Note the relative stability of the curvature of the mandibular canals in this lateral view, (c) Frontal view of the mandible 
at age 10 years. Mental foramina and segmented teeth (posterior to the incisors) from four different ages {ᄋ, 1, ᄀ, and 10 years) are automatically 
aligned on the symphysis menti and the mandibular canals. Only the teeth and the mental foramina on the right side are illustrated. Lines indicate the 
eruption paths of the individual teeth, (d) Lateral view. Lines indicate the eruption paths of the individual teeth, (e) Oblique view. 的 Three-dimensional 
superimposition of transparent mandibles at four different ages (0, 1 ,1, and 10 years). Mental foramina and segmented teeth {posterior to the inci
sors) are automatically shown with s니perimposition on the symphysis and the mandibular canals. Only the teeth and the mental foramina on the right 
side are illustrated. (Adapted from Krarup et al19 with permission.)


