
Abstract
Dr. William Downs made the invaluable 

contribution of cephalometric analysis to 
orthodontics, and though his initial studies 
had a narrow application, it started the 
profession on a seemingly endless search 
for more relevance with this instrument. 
Researchers have since found that some 
of the reference points, angles, and planes 
he and Dr. Richard A. Riedel developed 
have serious handicaps, but their primacy 
accounts for their wide use, acceptance, 
and use with clinicians, schools, insurance 
companies, and accrediting agencies. Reli-
ance on these esteemed standards to the 
neglect of these latter day developments in 
cephalometry can create misunderstand-
ings regarding malocclusions with subse-
quent errors in therapy. This article offers 
an analysis based on true horizontal (TH), 
aka, natural head position. Additionally, it 

relies on soft-tissue measurements that can 
assist orthodontic clinicians in positioning the 
teeth more realistically and presents several 
examples to validate its contention.

Introduction
Dr. William Downs developed the first 

cephalometric analysis to interpret and 
give orthodontists an instrument to plan 
treatment based on developed norms.1,2 
However, these norms came from a small 
number of adolescent Caucasians, and the 
developed norms had little relationship with 
other races. Subsequent studies have devel-
oped more age, race, and gender-specific 
cephalometric data for use in diagnosis and 
treatment planning. The most popular ceph-
alometric analyses and treatment planning 
systems have been the Tweed Triangle,3,4 
Steiner Analysis,5,6 Williams APo Line,7 and 
the Visualized Treatment Objectives devel-
oped by Ricketts8 and Holdaway.9,10

The basis for the cephalometric analysis 
presented in this paper resides in taking 
the cephalometric image with the patient in 
natural head posture and using true hori-
zontal (TH) as the reference plane.11-15 Downs 

used the Frankfort Horizontal Plane, which 
was a popular anthropological reference line, 
but he confessed a dislike for this horizontal 
reference because of its variability16 (Figure 
1). By using true horizontal as a primary refer-
ence line, clinicians receive two advantages 
unavailable with other conventional intracra-
nial reference planes: 1) the true horizontal 
plane better describes the dentoskeleton 
and profile as they appear in patients; and 
2) the true horizontal reference plane displays 
less variance when the head is seen in a 
natural posture.

Features of the true horizontal
cephalometric analysis

Clinicians have used SNA, SNB, and 
ANB almost exclusively for assessing the 
sagittal difference between the maxilla 
and mandible since their introduction by 
Downs2,16,17 and Riedel,18 but they have 
more historical than practical use, since the 
angulation and/or length of the cranial base 
can cause serious misinterpretations of ANB 
measurements (Figure 2). 

Jenkins19 first attempted a solution to this 
conundrum of accurate sagittal discrepancy 
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Educational aims and objectives
The aim of this article is to offer an analysis of malocclusions based on natural head 
position.

Expected outcomes
Orthodontic Practice US subscribers can answer the CE questions on page 48 to 
earn 2 hours of CE from reading this article. Correctly answering the questions will 
demonstrate the reader can:
•	 See some history of cephalometric analysis.
•	 Identify features of the true horizontal cephalometric analysis.
•	 Recognize the value of true horizontal in diagnosis and treatment planning.

Figure 1:  Variability of the Frankfort horizontal plane
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by relating the points A-B to the occlusal 
plane, which he argued Dr. Edward H. Angle 
had also used for his classification of maloc-
clusions. Harvold20 also used the occlusal 
plane as a reference for differentiating the 
sagittal discrepancy. The most popular 
technique for measuring A-B differences 
using the occlusal plane was developed 
by Jacobson21,22 while on faculty at Witwa-
tersrand University in South Africa. The 
Witwatersrand, or Wits, appraisal sought 
to separate the A-B difference from reliance 
on the cranial base, and, while well justified, 
also chose the occlusal plane as the refer-
ence from which to make the measurements. 
Nevertheless, use of the occlusal plane intro-
duces another highly variable foundation that 
compromises the improvement it promises. 

Chang23 suggested that since the 
occlusal plane was a dental parameter, clini-
cians should consider the Wits appraisal as 
a measurement of the sagittal relationship 
of the dentures and not the jaws. Conse-
quently, he suggested an alternative by 
projecting perpendicular lines of the points 
A and B onto the Frankfort horizontal plane 
(which, strangely enough, in his article as 
well as many other publications have the 
FH plane adjusted to mimic true horizontal 
[TH]). Chang’s sagittal assessment elimi-
nates nasion and the occlusal plane, which 

can vary in so many ways as to make them 
susceptible to serious errors. 

Studies have shown that true horizontal 
reference plane has at least 6 times less vari-
ability than conventional intracranial refer-
ence planes.24-28 Cooke15 suggested using 
true horizontal plane rather than Frankfort 
horizontal because of its nonvariable nature 
and draws perpendicular lines from A and 
B points to that plane. The average space 
between A and B is 4 ±  2.5 mm, but that 
distance can vary widely (-1 to 10) in normal 
Class I occlusions (Figure 3). The average A-B 
difference for African-Americans is 7 ± 4 mm.

Readers have a perfect right to ask if 
such a variance has clinical relevance, and 
the following patient history should satisfy 
that curiosity. A clinician presented this 
patient (Figure 4) to an audience and claimed 
that because of the 4° ANB angle, the patient 
had a Class II craniofacial skeleton when, in 
fact, measuring with A-B perpendiculars from 
true horizontal revealed -3 mm — a nega-
tive distance more often found with Class III 
malocclusions. This diagnosis encouraged 
the clinician to embark on a futile nonex-
traction therapy that required a reversal in 
treatment planning after 6-9 months. So, 
yes, a correct assessment of cephalometric 
features can mean the difference in clinical 
success or failure. Fortunately, with this 

patient, the missed diagnosis proved revers-
ible, and nothing more than the waste of time 
occurred for the patient and doctor. But what 
of the patients whose missed diagnoses and 
treatment plans cannot find a simple remedy 
or any remedy?  

Reed Holdaway9,10 proposed two impor-
tant diagnositic and treatment planning 
lines that use the true horizontal plane: 
1) the subnasale depth measures the 
distance of subnasale to a perpendicular 
line drawn from true horizontal to the outer 
contour of the upper lip; ideally it is 3 mm 
but can range from 2-4 mm with Cauca-
sians. Sulcus depth for African-American 
distances average 6 ± 2.5 mm29. When 
the Caucasian profile measures 2 mm or 
less, clinicians must carefully design their 
therapy so as not to retract the maxilla or 
maxillary incisors. 5 mm or more of sulcus 
depth for the Caucasian ordinarily indicates 
a need for reduction of the protrusion of the 
maxilla and/or maxillary incisors (Figure 5); 
and 2) the H line (Harmony line) (Figure 6) 
that measures the distance from subnasale 
to a line tangent to the soft-tissue chin and 
the vermillion border of the upper lip. In 
Caucasians this distance is ideally 5 mm 
but can vary between 3 and 7 mm. In 
well-balanced Caucasian faces the H line 
should just touch the outer contour of the 

Figures 2A-C: A. normal length cranial base, B. long cranial base, C. short cranial base

a) 2˚ ANB	 b) -2˚ ANB	 c) 5˚ ANB

Figure 3:  Measuring A-B sagittal discrepancy by using the 
true horizontal (TH) plane.

Figure 4: Patient with an ANB of 4° but an A-B 
measurement of -3 mm. Figure 5:  Subnasale depth Figure 6: The H line
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upper lip and the lower lip should be on the 
H line or within 1 mm of it. African-Amer-
ican H line measurements from subnasale 
to the H line average 13 ± 3 mm.  

Alvarez30 suggested using a perpendicular 
line from true horizontal (TH), i.e., the A line 
to establish a natural position for the maxillary 
central incisor. The A line is a perpendicular 
line drawn from true horizontal through a point 
⅓ of the distance between soft-tissue A point 
and hard-tissue A point (Figure 7), and the 
maxillary incisor should touch or be within ± 1 
mm of the A line for Caucasians. For African-
Americans the maxillary incisor will lie 2 mm 
± 2 mm in front of the A line.

Creekmore offered an additional measure-
ment of ideal maxillary incisor position by 
relating the maxillary incisal edge to the NA 
line. The incisor should lie 4 ± 1 mm ahead 
of the NA line. This average measurement 
for African-Americans is 7 ± 2 mm. Further-
more, the NA line extended to the mandibular 
incisor should bisect the incisal edge of that 
tooth or be within ± 1 mm (Figure 8). For 
African-Americans, the mandibular incisor 
will lie 2 ±  3 mm in front of the NA line. Note 
the near ideal position of the maxillary incisor 
in the image at the top of the page and the 
retrusive position of the mandibular incisor, 
which suggests a need for mandibular 
advancement.

The maxillary incisor’s axial line should 
ideally pass through the distal of the orbit, 
and whose angle will ordinarily measure 107° 
± 7° to true horizontal (Figure 9). However, 
this can vary from 93° to 120° and still offer 
ideal positions for the maxillary incisors - 
depending on the A-B discrepancy, occlusal 
plane, and other features. Proper inclination 
of the maxillary incisors has unusual impor-
tance for upper lip support, and ultimately, 
the integrity of the soft-tissue profile.

Other measurements that prove un- 
usually helpful in a cephalometric diagnosis 
and treatment planning regimen are those 
offered by Harvold20 for determining the 
relative lengths of the maxilla and mandible 
measured from condylion, and the anterior 
face height measured from the anterior nasal 
spine to menton (Figure 10). The maxillary 
and mandibular lengths can help clini-
cians differentiate the etiologies of various 

malocclusions by comparing their lengths 
to norms for that age. The maxillary length 
measures from condylion to A point, while the 
mandibular length measures from condylion 
to gnathion. 

The anterior face height (Figure 10) 
measured from anterior nasal spine to 
menton gives clinicians valuable information 
regarding the forward or backward rotation 
the mandible has had, and it provides more 
sensitivity and relevance than the mandibular 
plane angle while alerting doctors to the diffi-
culty or ease they may have in opening or 
closing the overbite of a patient. Harvold’s 
measurements for males and females are 
found in Table I.

Another measurement that has nothing to 
do with true horizontal but has great appeal 
for many clinicians is the A-Pogonion line in 
relation to the mandibular incisors. Williams7 
introduced this diagnostic and treatment 

Figure 8: The NA line Figure 9:  Maxillary incisor angulation

Figure 10:  Maxillary and mandibular lengths and anterior 
face height

Table 1: Harvold’s cephalometric measurements for Caucasians

6 yrs
mm

7 yrs
mm

8 yrs
mm

9 yrs
mm

10 yrs
mm

11 yrs
mm

12 yrs
mm

13 yrs
mm

14 yrs
mm

15 yrs
mm

16 yrs
mm

17 yrs
mm

Adult
mm

Females

Mnd. Length
Co-Gn

97 100 103 105 108 111 113 115 117 118 119 119 120

Mx Length
Co-Pt A

80 82 84 85 87 89 90 91 92 92 93 93 93

Mx-Mnd
Difference

17 18 19 20 21 22 23 24 25 26 26 26 27

ANS-Menton 57 58 59 60 61 61 62 63 64 64 65 66 67

Males

Mnd. Length
Co-Gn

99 102 105 107 109 111 114 116 121 123 127 128 130

Mx Length
Co-Pt A

82 84 86 87 89 91 92 93 96 97 100 100 100

Mx-Mnd
Difference

17 18 19 20 20 20 22 23 25 26 27 28 30

ANS-Menton 55 60 61 62 62 63 64 65 68 69 71 71 72

Figure 7:  The A line
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planning recommendation in 1969. He 
suggested that in well-balanced faces and 
dentitions, the APo line would pass through 
the incisal edge of the mandibular incisor 
±1m (Figure 11). However, subsequent and 
more extensive surveys of Class I occlusions 
associated with attractive faces have found 
acceptable mandibular incisor positions to 
the APo line to have a much wider range than 
what Williams advocated.31-33 Jacobson34 
also cautions clinicians regarding the exclu-
sive use of the mandibular incisor’s relation 
to APo for diagnosis and treatment planning 
because it does not consider the angulation 
of that tooth.

As Casko31 and Creekmore31 have 
suggested, the wide acceptable variance 
of the mandibular incisor relates directly to 
the skeletal distance between the maxilla 
and mandible; e.g., the more advanced 
the maxilla is to the mandible, the more the 
mandibular incisors must protrude in order to 
contact the maxillary incisors. Even Tweed3 
conceded that flared mandibular incisors 
were acceptable when there is no arch 
length discrepancy and the facial esthetics 
are good. Contrarily, the closer the maxilla 
is to the mandible, the more upright the 
mandibular incisors must be to occlude with 
the maxillary incisors. 

This feature of normal occlusion and 
skeletal compatibility in Class I patients 
proves the inadequacy of using the mandib-
ular incisor as the primary diagnostic and 
treatment planning scheme. The following 
untreated woman with a Class I occlusion 
and ideal soft-tissue profile (Figure 12) illus-
trates how the mandibular incisors must 
protrude extensively when combined with a 
large A-B difference (Figures 12 and 13) and 
does so with no deleterious esthetic effects . 

Hardly anyone who looks at this face, 
profile, and occlusion would advocate 
treatment of any kind, much less extrac-
tion therapy. However, the cephalometric 
numbers related to the mandibular incisor 
are exactly those that more often than not 
compel clinicians to extract premolars and 
retract the anterior teeth to satisfy some 
previously agreed upon protocol .

In an unpublished paper, Creekmore35 
noted that all of the diagnostic and treat-
ment planning regimens, e.g., Tweed, Steiner, 
Williams, Holdaway, Ricketts, Alvarez, etc., 
have validity for individuals with average 
A-B discrepancies. However, as the skeletal 
discrepancies between maxilla and mandible 
increase or decrease, these popular and 
venerable regimens have less relevance and 
in many cases lead to serious miscalculations.

	Holdaway and Alvarez are probably 
correct when they direct us to the maxil-
lary central incisor as the key to diagnosis 
and treatment planning rather than the 
mandibular incisor. The maxillary incisor 
routinely supports both upper and lower 
lips and determines the appearance of the 
soft-tissue profile. Others such as Bass36,37 
and Eastham38 have come to similar conclu-
sions using different measurements for the 
maxillary incisors, but the experience of these 
well-informed and highly experienced clini-
cians merits close attention.	

Finally, orthodontists must account for 
the occlusal plane, and this is best done 
by drawing a line that bisects the overlap-
ping cusps of the first molars and the incisal 
overbite. In cases of greatly malpositioned 
incisors, draw the occlusal plane through the 
overlapping cusps of the first premolars and 
first molars (Figure 14). Ideally, the maxillary 
incisors will rest on the occlusal plane, and the 
mandibular incisors will extend 1 mm above 
the occlusal plane and occlude against the 
cingula of the maxillary incisors. Burstone39 
and Bass36 have suggested good lip to maxil-
lary incisor balance will find the occlusal 
plane about 3 mm below the lip embrasure. 
However, adolescents will benefit from posi-
tioning their maxillary incisors 5-6 mm below 

the lip embrasure. As patients mature, the 
upper lip, as with other bodily features, will 
begin to sag, and maxillary incisors intruded 
during adolescence may completely disap-
pear in adult smiles. Clinicians will need to 
keep these features in mind as they design 
treatment and exercise caution with any plan 
that advocates intrusion of the maxillary inci-
sors with adolescents.

Readers will find an ideal Caucasian 
adolescent tracing with salient features in the 
image on the next page (Figure 15) along with 
the measurements for this patient combined 
with the range of measurements for each of 
the described characteristics.

Figure 11:  Williams’ ideal APo line related to the mandibular 
incisor Figure 12:  Untreated Class I occlusion

Figure 13:  Cephalometric tracing of untreated Class I occlusion

Maxillary 1 to A Line =+1mm
Maxillary 1 to NA line = +4mm
Maxillary 1 to TH = 115°
ANB angle = 10°
A-B / TH = 12mm
IMPA = 114°
Mandibular 1 to NB = 15mm
Mandibular 1 to APo = 5mm
Mandibular 1 to NA = -1mm
Upper lip sulcus depth = 3mm
H line to subnasale = 5mm
H line to lower lip = -1mm

Figure 14:  Occlusal plane
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Discussion
Charles Tweed3,4 gave orthodontists their 

first cephalometrically derived treatment 
planning instrument — the Tweed Triangle 
— which favorably placed the mandibular 
central incisors within the confines of the 
anterior alveolar cortical plates. He then 
arranged the rest of the dentition to fit these 
mandibular incisors. Tweed felt that ideally 
positioned mandibular central incisors had a 
90º angulation ± 3º to the mandibular plane. 
Practically all subsequent cephalometric 
treatment planning schemes drew from 
Tweed’s idea of first positioning the mandib-
ular central incisors and then arranging the 
rest of the dentition to correspond to these 
teeth. The Steiner Analysis,5,6 Williams7 APo 
line, and Rickett’s8,40 Visualized Treatment 
Objective may have differed as to the position 
of the mandibular incisors, but all of them 
based their cephalometric treatment plans 
on the position of these teeth. 

Holdaway9,10 was the first to suggest the 
maxillary central incisors as the main deter-
minant of lip posture, and that patients might 
receive better therapy if treatment plan-
ning started by determining where the lips 
should be at the conclusion of treatment. 
Rather than letting the relationship between 
mandibular central incisors and osseous 
tissues dictate the treatment plan and 
mechanics, Holdaway boldly suggested that 
clinicians should consider the effect such 
therapy will have on soft tissues. Ignoring 
this imperative can cause serious wors-
ening of the profile and lip support as seen 
in Figure 16. Few clinicians would consider 
the results of this therapy as beneficial for 
the patient’s profile. 

Perhaps Holdaway’s most significant 
discovery was that, in Caucasians, the upper 
lip retracts exactly with the maxillary central 
incisors, with exceptions allowed for a few 
types of malocclusions and racial differences. 
Other authors41,42 have suggested differing 

clinical responses to maxillary incisor retrac-
tion, but the differences are attributable to 
the exceptional cases Holdaway mentioned 
and obvious racial differences in lip thick-
ness. Despite whatever disagreement exists 
about the amount of movement treatment 
may produce on the maxillary incisors, hardly 
anyone now disputes the idea that lip posture 
and contour are, fundamentally, a function 
of maxillary central incisor position. So while 
there may not yet be a consensus about the 
amount of movement expected from therapy, 
simple acknowledgment of this incisor func-
tion warrants attention to the exclusion of 
hard-tissue determinants that have no direct 
relationship to lip contour. 

Without unanimous agreement about 
what to expect from treatment and subse-
quent positioning of the maxillary central inci-
sors, clinicians might ask why they should 
rely on their placement in the face as a diag-
nostic and treatment planning instrument. 
Holdaway used this knowledge of maxillary 
central incisor effect on lip curl to design his 
visualized treatment objective (VTO), which 
subsequently gave him the targets for posi-
tioning the teeth. Describing the Holdaway 
VTO or any other is beyond the scope of 
this paper, but readers should familiarize 
themselves with his technique by reading 

the original articles, since all other VTO tech-
niques have proceeded from that one.

The significant difference between 
Holdaway and other methods of diagnosis 
and treatment planning is that maxillary lip 
form has replaced the mandibular central 
incisor position as the focus of our treatment 
planning. By combining the Creekmore, 
Alvarez, and Holdaway analyses, clinicians 
will often find a consensus. When they differ 
substantially as in Figure 17, reliance on 
the Holdaway analysis offers the best alter-
native since it depends on the soft tissue 
exclusively, and that is what we ultimately 
consider when looking at someone. The 
patient in Figure 17 has an ideal lip sulcus 
of 3 mm, while the maxillary and mandibular 
incisors are substantially advanced of the 
NA line, and the maxillary incisor is 1.5 mm 
ahead of the Alvarez A line. By adhering to 
the Holdaway standard and not changing the 
maxillary incisor position, this patient runs 
less risk of profile deterioration.

Perhaps the best clinical advice for clini-
cians who would use the maxillary incisor 
position for diagnosis and treatment plan-
ning is to evaluate their personal treat-
ments and techniques to determine what 
they routinely accomplish with particular 
facial types and malocclusions. This type 

Figure 16:  Cephalometric images of before and after treatment with premolar extractions dictated by osseous tissues
Figure 17: Disagreement among the Creekmore, Alvarez, 
and Holdaway analyses

1.	 True Horizontal
2.	 H line from subnasale 5mm (3-7mm)
3.	 Subnasale depth 3mm (2-4mm)
4.	 A line 0mm (±1mm)
5.	 Perpendicular to A point
6.	 Perpendicular to B point 

[A-B difference 4mm (-3 to 12mm)]
7.	 NA line to maxillary incisor 4mm± 1mm 

NA line to mandibular incisor 0mm± 1mm
8.	 Condylion to A (age related-Harvold)
9.	 Condylion to B (age related-Harvold)
10.	  Occlusal plane 5-6mm below embrasure 

for adolescents; 3-4mm for adults.
11.	 ANS to menton (age related-Harvold)
12.	 Maxillary incisor  to TH 115° (93°- 120°)

Figure 15: An ideal Caucasian adolescent cephalometric tracing occlusion
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of private study will give clinicians a much 
more specific idea of what to expect with 
a particular treatment design and should 
permit orthodontists to achieve more accu-
racy in their treatment forecasts. Clinicians 
should not consider the Holdaway treat-
ment-planning technique infallible or the only 
analysis necessary in deriving a diagnosis 
and treatment plan. However, it does place 
a diagnostic and therapeutic emphasis on 
the dental feature most responsible for lip 
contour and facial appearance, i.e., the 
maxillary central incisor. 

Conclusion
The biggest problem with the acquisition 

and application of new ideas and techniques 
is not the actual learning of them, rather 
the forgetting and using of older and more 
habitual thoughts. This reluctance to unlearn 
old lessons is what economists, lawyers, and 

social scientists call path dependence, which 
broadly means history matters. Path depen-
dence explains how the set of decisions one 
faces for any given circumstance is limited by 
the decisions one has made in the past, even 
though past circumstances may no longer 
have relevance. 

A standard that is first-to-market can 
become entrenched (like the QWERTY 
layout in typewriters still used in computer 
keyboards). Such path dependence of infe-
rior standards can persist simply because of 
the legacy they have built. QWERTY versus 
Dvorak as an example of this phenomenon 
has been re-asserted, questioned, and 
continues to be argued. Yet we continue to 
teach, use, and rely on QWERTY despite 
its proven inferiority. Path dependence has 
a close relationship to “imprinting,” which 
captures how initial environmental condi-
tions leave a persistent mark or imprint on 

organizations, industries, and communities, 
and thus continue to shape organizational 
behaviors and outcomes even as external 
environmental conditions change.	

Most orthodontic institutions, accrediting 
agencies, insurance companies, etc., may 
determine that the replacement of traditional 
cephalometry standards is not worth the 
distress an endorsement of clearly more rele-
vant and accurate guidelines might cause, 
e.g., using true horizontal as a basis of 
diagnosis, treatment planning, and therapy. 
Nevertheless, the implementation by indi-
vidual clinicians of measurements introduced 
in this article along with those of others cited 
herein could occur with hardly any anguish or 
difficulty. The benefits far outweigh the liabili-
ties, and by evaluating malocclusions via the 
natural head postures of patients, orthodon-
tists will discover more realistic diagnoses 
and treatment plans.
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