INTERPRETATION OF CEPHALOMETRIC DATA
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Cephalometrics

Cephalometrics is the study of headfilms (called cephalograms).  We study cephs to:


•  observe pathologic change


•  evaluate dentofacial proportions and clarify the anatomic basis of diagnosis of malocclusion


•  recognize and evaluate changes before, during, and after orthodontic treatment


•  predict future changes that might occur in the craniofacial complex

A cephalogram is a two-dimensional projection of the skull.  These films are taken in a cephalostat, which is an x-ray apparatus with a standard 5-foot source-object distance.  The most common projection is the lateral cephalogram.  The standardized nature of these projections have allowed for population norms to be established.  Cephs can be measured and compared to norms or to previous projections.  Anterior-posterior projections may also be obtained and are somewhat useful in evaluating asymmetry.  

Various cephalometric analyses exist to describe the craniofacial complex.  No certain analysis is considered superior to another.  Most analyses rely on the relatively stable elements in the cranial base to serve as reference points and planes by which to measure changing or growing structures.  Performing a ceph analysis requires you to trace the film onto a piece of frosted acetate with a pencil.  Capturing necessary details in the cranial base, maxilla, mandible, dentition, and soft tissue allows you to measure the various elements.  Accurate tracings may also be superimposed on subsequent or previous films to reveal growth or treatment changes.  

Important elements in cephalometric analyses are:


•  Maxillary position


•  Mandibular position


•  Facial proportions/vertical relationships


•  Incisor positions (maxillary and mandibular)

A single ceph is only one point in time, but a series of cephalograms over a few years gives the clinician valuable information on a patient's growth tendencies.  Realistic growth prediction requires at least 2 or 3 cephs captured at 6-12 month intervals.

How to Trace a Cephalogram

1.  Trace the cranial base, orbital rims, and nasal bones
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2.  Add the pterygomaxillary fissure,key ridges, and maxilla
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3.  Trace the mandible, including the detail in the symphysis, canal, and condyle (if visible)
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4.  Add the incisors and first molars and trace the soft tissue profile
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Identify Reference points

1. Sella (S)—the center of the hypophyseal fossa (sella tursica)

2. Nasion (Na)—the junction of the nasal and frontal bones at the most posterior point on the curvature of the bridge of the nose

3. A-point (A)—an arbitrary measure point on the innermost curvature from the maxillary anterior nasal spine to the crest of the maxillary alveolar process.  A-point is the most anterior point of the maxillary apical base.

4. B-point (B)— An arbitrary measure point on the anterior bony curvature of the mandible.  B point is the innermost curvature from chin to alveolar junction

5. Pogonion (Pg)—the most anterior point on the contour of the chin

6. Gnathion (Gn)—the most outward and everted point on the profile curvature of the symphysis of the mandible, located midway between pogonion and menton. 

7. Menton (Me)—the lowest point on the symphysis of the mandible

8. Anterior Nasal Spine (ANS)—the most anterior point on the maxilla at the nasal base

9. Posterior Nasal Spine (PNS)—the tip of the posterior nasal spine of the palatine bone, at the junction of the soft and hard palate

10. Basion (Ba)—the anterior margin of the foramen mangnum.  The midpoint of the curvature between upper and lower surfaces of the basilar portion of the occipital bone

11. Palatal roof—the radiopaque bone of the maxilla forming the roof of the palatal vault

12. Orbitale (Or)—a point midway between the lowest point on the inferior margin of the two orbits

13. Gonion—a point midway between the points representing the middle of the curvature at the left and right angles of the mandible

14. Articulare (Ar)—a point midway between the two posterior borders of the left and right mandibular rami at the intersection with the basilar portion of the occipital bone

15. Porion (Po)—the midpoint of th upper contour of the external auditory canal (Anatomic Porion) or a point midway between the top of the image of the left and right ear-rods of the cephalostat (Machine Porion)

16. Pterygomaxillary Fissure (Ptm)—the point at the base of the fissure where the anterior and posterior wall meet

17. Key ridges—the posterior vertical portion and inferior curvature of the left and right zygomatic bones

Identify Reference Planes

1. Sella-Nasion (S-N)—a line connecting S to Na

2. Frankfort Horizontal (FH)— a line connecting Po to Or

3. Mandibular Plane (MP)— a line connecting Go to Me

4. Y-axis (Y)—a line connecting Se to Pg

5. Upper Anterior Facial Height (UAFH)—a line connecting Na to ANS

6. Lower Anterior Facial Height (LAFH)—a line connecting ANS to Me

7. Nasion-A point (Na-A)—a line connecting Na to A

8. Nasion-B point (Na-B)—a line connecting Na to B

9. Upper Incisor (U1)—a line connecting the incisal edge and the root apex of the most prominent maxillary incisor

10. Lower Incisor (L1)—a line connecting the incisal edge and the root apex of the most prominent lower incisor

MAXILLA to CRANIAL BASE

	SNA

Sella - Nasion - A point
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	Reference Line:  Sella - Nasion

This angle indicates the horizontal position of the maxilla relative to the cranial base.


>85( - protrusive or prognathic maxilla


<79( - deficient or retrognathic maxilla 




	NA - FH


Nasion - A point to FH
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	Reference Plane:  Frankfort Horizontal (Orbitale - Porion)

This angle also indicates the horizontal position of the maxilla relative to the cranial base.


>94( - protrusive or prognathic maxilla


<86( - deficient or retrognathic maxilla 



	
	


MANDIBLE to CRANIAL BASE

	SNB


Sella - Nasion - B point
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	Reference Line:  Sella - Nasion

B-point is the most anterior measure point of the mandibular apical base.  This angle expresses the horizontal position of the mandible relative to the cranial base using B-point as a cephalometric landmark.


>82( - prognathic mandible


<76( - retrognathic mandible 



	SN - Pg


Sella - Nasion - Pogonion
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	Reference Line:  Sella - Nasion

This angle represents the extent of chin prominence relative to the reference plane SN.  It also indicates the horizontal position of the mandible relative to the cranial base using pogonion as landmark.


>83( - prognathic mandible


<77( - retrognathic mandible 



	NPg - FH

Nasion - Pogonion to FH
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	Reference Plane:  Frankfort Horizontal (Orbitale - Porion)

Similar to SN-Pg, this angle measures the degree of protrusion and retrusion of the chin but uses Frankfort Horizontal as a reference plane.  It also indicates the horizontal position of the mandible relative to the cranial base.


>91( - prognathic mandible


<83( - retrognathic mandible 

Note: Using all three angles and both reference planes, the diagnostician can make a good evaluation of the position of the mandible and determine whether the mandible is normal, protrusive or retrognathic.  In addition, the prominence of the chin may also be determined.  It is possible to have a retrognathic mandible but prominent chin.


MAXILLA to MANDIBLE
	ANB

A point - Nasion - B point
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	The ANB angle measures the relative position of the maxilla to mandible.  The ANB angle can be measured or calculated from the formula:  ANB = SNA - SNB.

· A positive ANB angle indicates that the maxilla is positioned anteriorly relatively to the mandible (Class I or Class II malocclusion cases).  

· A negative ANB angle indicates that the maxilla is positioned posteriorly relative to the mandible (Class III malocclusion cases).

The normal range is 1(-5(. 

>5( indicates a Class II skeletal jaw relationship, protrusive maxilla or retrognathic mandible.

<1( indicates a Class III skeletal jaw relationship, deficient maxilla or prognathic mandible.


MANDIBULAR PLANE

	SN - MP
SN to Mand. Lower Borders
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	Reference Line:  Sella - Nasion

The mandibular plane is represented by a line which bisects the distance between the left and right mandibular lower borders and connects anteriorly with Menton.  The mandibular plane can also be used as a measure of mandibular growth and lower facial growth direction.

Note:
Always draw the mandibular plane midway between the left and right lower borders at the angle of the mandible.

	FH - MP

FH to Mand. Lower Borders
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	Reference Plane:  Frankfort Horizontal (Orbitale - Porion)

Also known as Frankfort Mandibular-Plane Angle (FMA) many orthodontists prefer to use Frankfort Horizontal than SN.

They consider the mandibular plane angle to be a measure of difficulty of treatment, the greater (higher) the angle, the more vertical the growth direction and the more complicated the treatment.


Y-AXIS

	Y Axis - SN


Gnathion - Sella - Nasion
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	Reference Line:  Sella - Nasion

The Y axis ( the line connecting Sella to Gnathion) is an estimate of mandibular growth direction.  A larger angle indicates a more downward and vertical growth direction of the mandible.  A smaller angle indicates a more horizontal and anterior growth direction of the mandible.  It also indicates the degree of downward and forward position of the chin in relation to the upper face.

· Class II division 1 cases usually have an average to high Y-axis.

· Class II division 2 cases usually have a smaller Y-axis.

· High Y-axis is usually seen with a high mandibular plane angle.

· As the mandibular plane and the Y-axis increase, the relative chin prominence decreases.



	Y Axis - FH


Gnathion  - Menton to FH
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	Reference Plane:  Frankfort Horizontal (Orbitale - Porion)

The same interpretation as above using Sella-Nasion.  Many orthodontists prefer to use Frankfort Horizontal than SN.




ANTERIOR FACE HEIGHT

	UAFH
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Upper Anterior Face Height

Linear measurement from Nasion to Anterior Nasal Spine (N-ANS).


	LAFH
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Lower Anterior Face Height

Linear measurement from Anterior Nasal Spine to Menton (ANS-Me).

	UAFH / LAFH Ratio
The ratio of UAFH to LAFH is more important than the individual linear measurements of UAFH and LAFH.  UAFH varies with the superior-inferior dimension of the size of an adult skull while the ratio of UAFH/LAFH indicates the balance of facial proportions.

· UAFH/LAFH ratio <0.8 indicates a greater LAFH, or longer lower anterior face height.

· UAFH/LAFH  ratio >0.8 indicates a smaller LAFH, or shorter lower anterior face height.




CHIN

	Pg - NB

Pogonion to Nasion - B point


3 mm ( 2 mm
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	Reference Line:  Nasion - B point

The prominence of the bony chin (not to be confused with the soft tissue chin) is measured by the distance of Pogonion (the most anterior point of the chin) to the reference NB line.

A smaller than average value indicates a recessive chin while a greater than average indicates a prominent chin.

Chin prominence is also affected by auto-rotation of the mandible (hinge axis rotation at Centric Relation).  Rotation of the mandible in an anterior-superior direction (forward) increases chin prominence relative to NB.  Rotation of the mandible in an inferior-posterior direction (backward) decreases chin prominence relative to NB.

SN-Pg and NPg-FH also measure chin prominence with respect to SN and FH reference planes.




MAXILLARY INCISORS

	U1 to SN


Max. Incisor to SN
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	Reference Line:  Sella - Nasion

This angular measurement determines the inclination of the central incisor relative to the anterior cranial base.

· A greater than average angle indicates proclination (labioversion) of incisors as often seen in Class II division 1 cases.

· A smaller than average angle indicates upright or retroclined (lingually inclined) incisors as often seen in Class II division 2 cases.



	U1 to NA


Max. Incisor to NA


Angular: 
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Linear:  3 mm ( 2 mm
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	Reference Line: Nasion - A point

The relationship of the maxillary central incisor to the N-A reference line is used to establish the position of maxillary incisors relative to the maxillary apical base.

Both the inclination of the long axis of the incisor to the line and the distance that the labial surface of the incisor in front of the line are measured.  Both angular and linear measurements indicates the amount of maxillary dental protrusion.

· Labially proclined incisors will have a greater than average angular and linear measurement (Class II division 1 cases)

· Upright or retroclined (lingually inclined) incisors will have a smaller than average angular and linear measurement (Class II division 2 cases).

· Positive values are recorded if the labial surface of the incisor is anterior to the NA line, negative values if it is posterior.




MANDIBULAR INCISORS

	L1 to NB

Mand. Incisor to NB


Angular:
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	Reference Line:  Nasion - B point

The relationship of the mandibular central incisor to the N-B reference line is used to establish the position of the mandibular incisors relative to the mandibular apical base.

Both the inclination of the long axis of the incisor to the line and the distance of the labial surface of the incisor in front of the line are measured.  The millimeter distance establishes the prominence of the incisors relative to the supporting bone, while the inclination indicates whether  the tooth has been tipped to its position or moved bodily.

· Labially inclined (proclined) incisors will have a greater than average angular and linear measurement (Class II division 1 cases).

· Upright or retroclined incisors will have a smaller than average angular and linear measurement (Class II division 2 cases).

· Positive values are recorded if the labial surface of the incisor is anterior to the NB line, negative values if posterior.



	L1 – MP

Mand. Incisor to MP
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	Reference Plane:  Mandibular Plane

Also known as IMPA (Incisor Mandibular Plane Angle).  It defines the axial inclination between the mandibular incisor and the inferior border of the mandible.  The more the incisor is labially inclined, the greater the angle.



	
	


INTERINCISAL ANGLE

	U1 - L1


Max. to  Mand. Incisor
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	The interincisal angle measures the relative spatial position along the long axis of the most prominent (anteriorly positioned) maxillary and mandibular central incisors.  It determines the degree of procumbency (labial inclination) of the incisors.  The more labially inclined (proclined) the incisors are, the less the interincisal angle.  The more lingually inclined (retroclined) the incisors are, the more the interincisal angle.

· Class II division 1 cases usually have a smaller than average interincisal angle.

· Class II division 2 cases usually have a larger than average interincisal angle due to the lingual inclination of the maxillary central incisors.



	
	


