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Abstract

Objectives: The aim of the present study was to evaluate the relation of Craniofacial reference

planes of Frankfort horizontal plane (FHP) and the Sella Nasion (SN) plane to a True horizontal

line (THL).

Materials & Methods: A cross sectional descriptive study using a prospective consecutive sam-

pling technique was designed. Lateral Cephalograms of 59 patients were recorded over a period

of 3 months by X-Caliber CM (Asahi Roentgen Ind. Co, Japan) in a standing mirror-guided NHP.

Physically and mentally healthy patients willing to undergo orthodontic treatment, in adult denti-

tion stage and without any syndromes were included. SPSS version 20 was used to calculate the

descriptive statistics and means difference of craniofacial reference planes to the THL.

Results: The FHP and SN plane showed an angular variation of 2.34+-4.13 and 10.42+-4.70

degrees respectively, with respect to THL. The SN plane showed an anterior upward inclination

of 8.08+-3.58 degrees to FHP.

Conclusion: Both FHP and SN planes showed significant variation to THL. So FHP and SN planes

should be used with caution as they can mislead our diagnosis of the problem and ultimately the

treatment planning.
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planes are used to determine the skeletal discrep-

ancies in the anteroposterior plane. They can be

broadly divided into intra-cranial and extra-cranial

reference planes2-4. Frankfort horizontal plane (FHP)

and Sella-Nasion (SN) plane are two widely used

intra-cranial reference planes5. However, intra-cra-

nial reference planes are subject to change during

growth and vary significantly among individuals6,7.

Downs demonstrated cant of the FHP in three diff-

ferent persons with a nearly same facial profile,

resulting in different cephalometric facial typing8.

Bjork, in his classical paper, also reported similar

discrepancies in two Bantus with an almost similar

profile but remarkable variation in the inclination of

cranial base9. FHP has also low reliability because

Introduction

An ideal reference plane in cephalometric

analyses must have good stability, reproducibility,

reliability and minimal inter individual variability.

It should also precisely represent the body in the

respective plane1.

In cephalometric analyses, horizontal reference
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both of its landmarks( Porion, Orbitale) are often

difficult to trace1.

Natural head posture has been proposed as an

extra cranial reference plane for cephalometric anal-

ysis since the 1950s. It is a standardized position of

the head in an upright head posture with one’s eyes

focused on a point in a distance at eye level10-12.

Numerous Studies have shown that NHP is re-

producible and stable, both in short- and long-term

intervals13-16. The true horizontal line is constructed

by drawing a perpendicular to the plumb line, which

is used as a true vertical reference line before taking

a photograph/radiograph in NHP6.

Due to the factors mentioned above, a critical

and systematic assessment of the reliability of FHP

and SN plane is necessary. The true Horizontal line

is a stable, reliable and reproducible plane and both

FHP and SN plane inclination can be compared with

it. Therefore, this study aims to evaluate the variabil-

ity of FHP and SN plane about the True horizontal

line. Both FHP and SN plane is part of the contempo-

rary cephalometric analyses, so any variation in their

inclination can mislead our diagnosis of the problem

and ultimately the treatment planning.

Materials and Methods

The cross-sectional study used good quality

Lateral cephalograms of 59 participants which were

prospectively selected using consecutive sampling

technique over a period of 3 months. The Cephalo-

grams were a part of the pre-treatment records of pa-

tients attending the Orthodontic Department, Sardar

Begum Dental Hospital, Peshawar. Participants

in the adult dentition stage (13 years and beyond)

and without any mental or physical illness were

included. Those with any craniofacial syndromes

were excluded.

All radiographs were recorded by X-Caliber

CM (Asahi Roentgen Ind. Co, Japan) in a standing

mirror-guided NHP using a protocol based on the

method of Solow and Tallgren.17 This involved

each subject performing a series of neck-bending

exercises and, while looking into their eyes, walking

into a position approximately 1 meter away from a

2×3 feet wall-mounted mirror. A freely hanging metal

chain in front of each subject’s profile defined the true

vertical. Each participant was instructed to swallow

and then keep their teeth lightly closed together, at

which point a lateral cephalograph was obtained with

standardized cephalometric equipment.

Each lateral cephalograph was then manually

traced on acetate paper, by the same observer (MA).

To produce a tracing orientated in NHP, the true

vertical plumb line was traced. A true horizontal

line (THL) was then constructed perpendicular to

the vertical plumb line of each tracing. FHP and SN

plane were traced, and their angulations with THL

were recorded.

Descriptive statistics including the mean, stan-

dard deviation, maximum, and minimum for each

variable were calculated using SPSS version 20

software. Inter-examiner and intra-examiner reli -

ability were checked using the Cronbach’s alpha by

re-measuring angles by the same investigator (MA)

and by another investigator(SS), respectively, after

one month. Student test was used to compare

the mean difference of FHP and SN plane angulation

with THL. Ethical approval for the present investi-

gation was obtained from the Ethical Committee of

Gandhara University, Peshawar.

Results

A total of 59 individuals (39 females, 20 males)

were included in this study with a mean age of 17.91

+ 4 years. Good inter and intra examiner reliability

was observed for readings (r>0.95).

Both FHP and SN plane inclination vary con-

sidereally with respect to the true Horizontal line.

Student t-test showed significant difference FHP to

THL was 2.34+4.13 degrees (p<0.05), with a wide

range of -13 to +11 degrees. Both planes were par-

allel in only 8.4% of patients (p>0.05). Statistically

significant difference between SN plane to the true

horizontal line was found with a mean difference of

10.42+4.70 degrees (p<0.05) and range of -2 to +22

degrees. Significant angle difference of 8.08+3.58

degrees (p<0.05) was also found between FHP and

SN plane.

Discussion

Frankfort horizontal is most commonly used as

it is a reference plane that useful for the description

or classification, as in facial typing, for super imposi-

tion of radiographic cephalograms and may involve

growth and treatment changes and add in treatment

planning. We found statistically significant differ-

ences between Frankfort horizontal as compared to
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Frankfort plane (upper margin of the soft-tissue ear

canal to orbitale, marked after palpation) to have a

mean upward tip anteriorly of 1.3+5.0 degrees.8 This

difference is less than that in our study (2.34+4.13

degrees), which may be due to different methodol-

ogies and different Frankfort planes used in both

studies. This study used Hard tissue FHP instead of

Downs Soft tissue FHP traced to photographs.

Moorrees17 in his study found Frankfort to be

about 92 degrees to true vertical opening posteroin-

feriorly (Or 2 degree anteriorly upward to the true

horizontal line), with a standard deviation of about

+4 degrees. He concluded that natural head position

with true vertical as an extra-cranial reference line

is more reliable than intra-cranial reference planes.

This finding is consistent with our study which

also shows an anterior upward inclination of FHP.

Marcotte18 constructed true horizontal by drawing a

plane 7 degree anteriorly down to SN plane, which

he proposed to be fairly close to anatomical FHP.

This value is also close to that observed in our study

(8.08+3.58 degrees).

In our study, NHP is used as a standard reference

plane. It is an individual functional physiologic po-

sition that has been used in anthropological studies

for centuries and is recognized as a good reference

for cephalometric analyses in orthodontics. Several

types of research showed good stability and Repro-

ducibility of NHP both short and long time intervals.

Cooke19 in his longitudinal study showed a good

stability of NHP over 15 years of the observational

period. However, NHP can be influence by many

factors, for example, different postures and meth-

ods20. It has been observed clinically that when ear

rods from the cephalostat are plugged in patient’s

ears, they tend to hold their head in an unnaturally

extended or lexed position when radiographs are

taken, which would give misleading outcomes 20.

Therefore, in our study, the patient’s head was left

unsupported in cephalostat, without inserting the

ear rods.

Both FHP and SNP showed significant varia-

tion with a large inter-individual variation. As these

planes are an integral part of our cephalometric

analysis, they can mislead our diagnosis and can

ultimately affect our treatment plan. One should

take caution while making a diagnosis solely based

on these planes. Relationship of the jaws should be

Fig: 1 Gender distribution of the sample

Fig: 2 scatter plot showing distribution of sella nasion

plane with respect to true horizontal line

Fig: 3 Scatter plot showing distribution of frankfort hori-

zontal plane with respect to the true horizontal line

the true horizontal line. This could be attributed to

the difficulty in accurately determining portion point.

Also, the natural head position is affected by mode

of respiration, facial features and general posture of

the patient which could lead to differences in aligning

the natural head position to true horizontal21.

Downs8 introduced Frankfort horizontal into

a well-organized cephalometric analysis by using

the angle of the facial plane (N-Pog) to Frankfort

horizontal to classify facial types. However, he not-

ed disagreement in the cephalometric and clinical

findings in some patients. By using photographs of

100 patients taken in natural head position, he found
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assessed with multiple planes, to minimize error in

the diagnosis of the actual discrepancy.

Conclusion

1. The FHP and SN plane show a significant

variation of 2.34+4.13 and 10.42+4.70

degrees respectively, with respect to THL.

These difference were statistically signif-

icant.

2. Both FHP and SN planes can mislead our

diagnosis of the problem and ultimately the

treatment planning so that they can be used

with caution.
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