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Which intracranial plane can be used instead of the true 
horizontal plane?

Purpose
The aim of this study was to evaluate the reliability of the Frankfort horizontal (FH), 
sella-nasion horizontal (SN-h), optic, and orbitooccipital planes by assessing their 
variabilities relative to a true horizontal line (TrH) in Class 1, 2, and 3 patients. 

Materials and Methods
Eighty-one pre-treatment lateral cephalometric radiographs (LCRs) (27 each from 
Class 1, Class 2, and Class 3 based on ANB (°) were taken in the natural head position 
(NHP). NHP was created using a laser level creating the true vertical line and the TrH 
perpendicular to the true vertical. The inclinations of the anatomic reference planes 
were compared with the TrH.

Results
The orbitooccipital and FH planes were closest to the TrH, with mean values of 
-0.55 ± 3.26 and -0.60 ± 3.67, respectively. The mean value for the SN-h was 3.33 
± 4.40, whereas the mean value for the optic plane was 4.46 ± 4.58. The ranges 
were high for all anatomic planes: -9.03° to 8.22° for the FH plane, -8.79° to 6.49° for 
the orbitooccipital plane, -9.87° to 13.16° for the SN-h, and -4.21° to 16.43° for the 
optic plane. No significant differences were found in relation to skeletal patterns 
(orbitooccipital plane; p=0.05, FH plane: p=0.115, SN-h; p=0.156, optic plane; 
p=0.063, respectively). Regarding sex, there was a significant difference in the optic 
plane in only Class 1 females (p=0.024).

Conclusion
The FH and orbitooccipital planes are not the same TrH, but they are the closest 
reference planes. Variations in reference planes affect diagnosis and therapy.
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Introduction

Lateral cephalometric radiographs (LCRs) play a crucial role in ortho-
dontic diagnosis and treatment. They are used to assess dental and facial 
relationships before, during, and after treatment. Throughout the treat-
ment process, LCRs help evaluate changes in tooth movements, facial 
development, post-treatment modifications, the maxillomandibular rela-
tionship, the cranium, and the soft tissue profile (1). Various intracranial 
and extracranial reference planes are used in measurements that form the 
foundation of cephalometric analyses to determine skeletal discrepancies 
in the anteroposterior plane (2). The most well-recognized intracranial ref-
erence lines are based on the anterior cranial base, specifically the sella to 
nasion (SN) line, and the Frankfort horizontal (FH) plane. The SN plane is 
biologically significant as it represents the anterior cranial base. The sella 
serves as an essential anatomic reference, marking the central point of the 
pituitary fossa within the midsagittal plane, while the nasion is located at 
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the intersection of the internasal and frontonasal sutures.
The FH plane is defined by a reference line extending from 

the porion, which marks the uppermost part of the external 
auditory meatus, to the orbitale, the lowest boundary of the 
inferior orbital rim (3). Differences in the inclinations of the 
SN and FH planes may lead to diagnostic inconsistencies and 
discrepancies when interpreting measurements obtained 
from the same individual (4). Burstone et al. (5) proposed 
establishing a horizontal reference line that passes through 
the sella and is positioned 7° below the SN plane. In the pres-
ent study, this line is referred to as the SN horizontal (SN-h) 
plane. As an alternative to the FH plane, Sassouni (6) pro-
posed the optic plane, which relies on multiple landmarks 
to enhance precision. The optic plane is constructed using 
two reference planes: the supraorbital plane, which follows 
a tangential path along the superior contour of the anterior 
clinoid process and the roof of the orbit, and the “infraorbital 
plane,” which extends tangentially along the lower bound-
ary of the sella turcica and the orbital floor. The optic plane is 
then defined by bisecting these two planes.

Due to the difficulty in identifying the porion point on ra-
diographs, Park et al. (7) compared the compatibility of the 
orbitoccipital plane and the FH plane and concluded that 
they could be used interchangeably. Although both planes 
share the orbital point as a common reference, their second-
ary reference points differ: the FH plane uses the porion, 
while the orbitoccipital plane is defined by the inion point. 
Intracranial cephalometric planes exhibit variability and 
challenges in landmark identification, as they are heavily in-
fluenced by the definition and location of reference points. 
Even slight changes in the inclination of an intracranial refer-
ence plane can impact skeletal and soft tissue analyses, po-
tentially leading to variations in diagnostic interpretations 
(4). Extracranial planes are less variable than intracranial 
planes, as they provide guidance independent of skeletal 
landmarks within the head. LCRs should be taken in the nat-
ural head position (NHP), which ensures a biologically ap-
propriate head alignment similar to the posture maintained 
when focusing on a distant object at eye level (8). Determin-
ing NHP in this manner enhances measurement reliability 
and facilitates consistent comparisons. This approach allows 
cephalometric planes to be analyzed relative to the true ver-
tical line (TrV), which is parallel to a freely suspended plumb 
line, and the true horizontal line (TrH), which is oriented per-
pendicularly to the TrV. The stability of NHP is also influenced 
by head and neck muscle function (9). 

Although the relationship between intracranial planes 
and TrH has been explored in the literature, no studies 
have evaluated the relationship between the orbitoccipital 
plane and TrH. Individual variation in reference plane incli-
nation may lead to inaccuracies in diagnosis and treatment 
planning. The aim of this study was to compare the TrH line 
with four intracranial reference planes of the craniofacial 
complex—FH, SN-h, optic, and orbitoccipital—across dif-
ferent skeletal anteroposterior malocclusions and sexes. 
The main null hypothesis of this study was that the angular 
deviations between the TrH and the intracranial reference 
planes—FH, SN-h, optic, and orbitoccipital—do not differ 
across different skeletal anteroposterior classifications or 
between sexes.

Material and Methods

Ethical approval

This retrospective study received ethical approval from 
the Research Ethics Committee of Recep Tayyip Erdoğan 
University (approval number: 2024/70). LCRs were obtained 
from individuals seeking orthodontic treatment at the Facul-
ty of Dentistry, Department of Orthodontics. The study was 
conducted in accordance with the applicable ethical princi-
ples of the World Medical Association Declaration of Helsinki 
of 1964 and later versions (10). 

Sample size determination

The sample size was determined using G*Power 3.1 soft-
ware (Heinrich-Heine University, Düsseldorf, Germany). 
Based on a 95% confidence level (1-α), 90% statistical power 
(1-β), an effect size of d = 0.42, and a one-way analysis of 
variance (ANOVA) power analysis, a minimum of 72 patients 
was determined to be necessary. However, the present study 
included 81 patients, resulting in an actual statistical power 
(1-β) of 93% (11).

Study design and patient selection

Lateral cephalometric radiographs (LCRs) were obtained 
using a Planmeca Promax 2D S2 panoramic dental imaging 
unit (Planmeca Oy; Helsinki, Finland) with exposure settings 
of 66 kVp, 10 mA, and 10.5 seconds. Before initiating treat-
ment, all patients provided written consent, granting per-
mission for their data to be used in scientific research. The 
sample consisted of 81 subjects (36 males and 45 females), 
all of Turkish origin, aged between 16 and 30 years. Each 
subject underwent a true lateral cephalogram and a lateral 
photograph. 

Sample selection criteria included individuals with a com-
plete permanent dentition, regardless of the presence of 
third molars. Participants were required to have no signifi-
cant facial or jaw asymmetry and no history of harmful oral 
habits such as thumb sucking, tongue thrusting, or mouth 
breathing. Additionally, they must not have undergone any 
prior orthopedic or surgical treatment of the head or face 
and were required to have good vision without the need for 
eyeglasses. Further exclusion criteria included the presence 
of cleft lip-palate or other congenital deformities, a history 
of previous orthodontic treatment or surgical procedures in-
volving the upper or lower jaw, and any signs or symptoms 
of temporomandibular joint dysfunction (TMD).

Recording protocol

Radiographs were taken with participants in the orthopo-
sition natural head posture (NHP), as first described by Mol-
have (12) and later adapted and refined by Solow and Tall-
gren (13). To achieve orthoposition, participants performed 
a slight walking motion, allowing them to tilt their heads 
forward and backward with gradually decreasing amplitude 
until they felt a natural balance. Body posture and head po-
sition were carefully controlled, and if necessary, “walking on 
the spot” and “head bending” were repeated.
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Participants were positioned 30 cm from a wall, where 
a 30×40 cm mirror was mounted at their eye level. They 
were instructed to stand upright with their arms at their 
sides while gazing into their own eyes in the mirror. This 
step helped regulate overall body posture and ensured a 
consistent visual target. To determine the NHP, we used a 
laser level mounted on a custom tripod (Bosch, Universal 
Level 360 Set, Germany). A laser level is an electronic de-
vice that produces a single or cross-shaped solid line for 
precise alignment. It can also be used to place soft tissue 
reference markers. Positioned 45 cm from the left side of 
the patient’s face, the laser level projected a green cross-
light onto the left facial profile. Once the self-balanced 
neutral posture was established, the laser beam was acti-
vated, projecting a vertical green light onto the patient’s 
face. Two reference points were marked on the vertical 
green laser light by projecting green light markers onto 
the skin. These composite skin markers, which were ra-
diopaque on X-rays, were applied sequentially to follow 
the true vertical reference line. The composite markers 
created a radiopaque shadow that served as a natural 
vertical axis, enabling cephalograms to be oriented in 
the NHP. However, due to minor head movements during 
breathing, marking both points simultaneously was often 
impractical. Therefore, the upper point was marked first, 
followed by the lower point, ensuring that the first com-
posite marker remained aligned with the upper reference 
point. The NHP was accurately transferred to the cepha-
logram by aligning the radiopaque skin markers with the 
true vertical line (TrV) (14–16). The record protocol is pro-
vided in the supplementary content. The planes used for 
measurements in the present study are shown in Figure 1. 
The inclinations of the FH, SN-h, optic, and orbito-occipi-
tal planes were evaluated in relation to the true horizontal 
(TrH) line. Angles measured below the TrH were defined 
as negative, while those above it were defined as positive. 
The ANB angle was used to classify skeletal relationships 
into three study groups: skeletal Class I, II, and III. Skeletal 
Class I was defined as 0 ° ≤ ANB ≤ 4°, skeletal Class II as 
ANB>4°, and skeletal Class III as ANB <0°ANB<0°. All mea-
surements were conducted by two orthodontists with 10 
and 5 years of experience, respectively, using AudaxCeph 
Advantage Cephalometric X-ray Analysis Software Ver 
4.2.0.3101 (Ljubljana, Slovenia).

Measurement error

An orthodontist (M.G.) with 10 years of expertise per-
formed all measurements. After 1 month, the same exam-
iner (M.G.) re-analyzed 30 randomly chosen LCRs to assess 
measurement errors.  The intraclass correlation coefficient 
(ICC) was used to examine the intraobserver agreement 
between the first and second trials performed by the same 
orthodontist and the interobserver agreement between an 
orthodontist (M.G.) with 10 years of expertise and an ortho-
dontist (B.B.G.) with 5 years of expertise.

Statistical analysis

The statistical analysis was performed using the IBM 
SPSS software (version 21.0, SPSS, Armonk, NY, USA). De-

scriptive statistics are expressed as mean and standard 
deviation (SD). The Shapiro-Wilk test was used to evaluate 
the normality of the data, and Levene’s test was used to 
assess variance homogeneity. One-way ANOVA was per-
formed to compare skeletal groups. Repeated measures 
ANOVA was used to analyze the interindividual variability 
of craniofacial reference lines concerning TrH, followed 
by the Bonferroni post-hoc test for pairwise comparisons. 
Sex-based differences within each group were analyzed 
using the independent samples t-test. A p-value of <0.05 
was considered the significance level for statistical anal-
ysis.

Results

Intra-class correlation (ICC) analysis was used to assess 
intra-rater and inter-rater agreement. An ICC greater than 
0.9 indicates excellent reliability, values between 0.75 and 
0.9 indicate good reliability, values between 0.5 and 0.75 
indicate moderate reliability, and values below 0.5 indicate 
poor reliability (17). All measurements demonstrated excel-
lent intra-rater reliability, with an ICC value of at least 0.901. 
Inter-rater reliability was also high, with all measurements 
achieving an ICC value of at least 0.851, indicating good 
reliability (Table 1). Table 2 presents the variability of refer-
ence planes among patients with skeletal Class I, II, and III 
patterns. Among the analyzed planes, the FH and orbito-oc-
cipital planes exhibited the least variation, making them the 
closest to the TrH in terms of mean inclination. No statisti-
cally significant difference was observed between these two 

Figure 1. Demonstration of the planes for using lateral 
cephalometric measurements. (a) TrV plane passing through 
two composite markers. (b) The TrH was obtained by drawing a 
perpendicular to the TrV line. (c) The SN plane was drawn from 
sella to nasion, (d) the SN-h was drawn as a horizontal line 
through the sella, 7° down from the sella-nasion line. (e) The 
optic plane was drawn as the bisection of the angle formed by 
the supraorbital and infraorbital planes. (f) The orbitooccipital 
plane was drawn from inion to orbitale. (g) The FH plane was 
drawn from porion to orbitale.
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planes regarding their inclination relative to TrH (p>0.05). 
The SN-h plane followed in proximity. Pairwise compari-
sons revealed statistically significant differences between 
the SN-h plane and the FH and orbito-occipital planes in 
relation to TrH across all skeletal classifications and total as-
sessments (p < 0.001).  The optic plane showed the greatest 
deviation in mean inclination from TrH. Significant differ-
ences were observed between the optic plane and the FH 
and orbito-occipital planes across all skeletal classifications 
and overall assessments in relation to TrH (p < 0.001). Ad-
ditionally, pairwise comparisons demonstrated significant 
differences between the optic plane and SN-h in skeletal 
Class II and total assessments (p < 0.001). However, no sig-
nificant differences were found across all reference planes 
when compared between different skeletal classes. Table 3 
presents the variations in anatomic reference planes by sex 
within each skeletal classification in relation to TrH. The re-
sults demonstrated no significant differences in variability 
between the sexes, except for the optic plane (p=0.024).

Discussion

The natural head position (NHP) refers to a consistent and 
replicable posture in which the head is held straight, and 
the eyes are fixed on a point at eye level in the distance. This 
means that the line connecting the eyes is directed toward a 
distant point at eye level, ensuring that the visual axis remains 
horizontal (18). When conducting studies involving head po-
sitioning and craniofacial analysis, it is crucial to standardize 
the head positioning method and minimize measurement 
errors in craniofacial features (19). For this investigation, all 
lateral cephalometric radiographs (LCRs) were taken by the 
same operator using the same cephalostat.

The concept of NHP is influenced by various physiological, 
psychological, and pathological factors, making it challeng-
ing to identify all the elements that determine an individu-
al’s head posture in a relaxed, standing position (20). Several 
studies have indicated that individuals with temporoman-
dibular disorders (TMDs) exhibit altered head and cervical 
spine postures (21,22), while other studies have found no 

Table 1. Intraobserver and interobserver agreement scores.

Intraobserver reliability Interobserver reliability

Reference Plane/ TrH ICC Lower 95% CI Upper 95% CI ICC Lower 95% CI Upper 95% CI

Orbito-occipital / TrH 0.911 0.823 0.957 0.851 0.823 0.957

FH/TrH 0.901 0.805 0.952 0.887 0.800 0.937

SN-h/TrH 0.944 0.884 0.973 0.892 0.808 0.940

Optic Plane/TrH 0.906 0.809 0.955 0.903 0.828 0.947

TrH; True Horizontal, CI; Confidence Interval, ICC; Intraclass Correlation Coefficient

Table 2. Interindividual variability of the craniofacial reference lines in relation to the TrH line.  

Class 1 (n=27) Class 2 (n=27) Class 3 (n=27) Total (n=81)

Reference Plane/ TrH Mean± SD min.-max. Mean± SD  min.-max. Mean± SD min.-max. Mean± SD min.-max. P x

Orbito-occipital / TrH -0.21±3.13a -5.58 - 4.67 0.31±2.44a  -3.08 - 5.57 -1.76±3.82a -8.79 - 6.49 -0.55±3.26a -8.79 - 6.49 0.05

FH/ TrH 0.01±3.63a -8.16 - 6.67 -0.01±3.11a  -5.61 - 8.22 -1.80±4.03a -9.03 -7.68 -0.60±3.67a -9.03 - 8.22 0.115

SN_h/ TrH 3.70±4.71b -9.87 - 11.42 4.26±3.97b -2.31 - 13.16 2.04±4.35b -5.26 - 9.81 3.33±4.40b -9.87 - 13.16 0.156

Optic Plane/ TrH 4.54±4.78b -4.21 - 12.75 5.88±4.32c -1.61 - 16.43 2.97±4.33b -3.62 - 12.34 4.46±4.58c -4.21 - 16.43 0.063

P y <.001 <.001 <.001 <.001

n: number, x One-Way ANOVA, y Repeated measures ANOVA, Benferroni post-hoc test 
Significance on p < 0.05 scale, No statistically significant difference exists between measurements with the same lowercase letter in the same column. 
Different lowercase letters in the same column indicate statistically significant differences between measurements.

Table 3. Sex variations of anatomic reference planes in relation to the TrH line. 

Class 1 (n=27) Class 2 (n=27) Class 3 (n=27) Total (n=81)

Reference 
Plane/ TrH

Female 
(n=15)

Male 
(n=12)

P
Female 
(n=15)

Male 
(n=12)

p
Female 
(n=15)

Male 
(n=12)

P
Female 
(n=45)

Male 
(n=36)

p

Orbito-occipital 
/ TrH

0.26±3.30 -0.80±2.94 0.391 0.03±2.77 0.66±2.01 0.516 -1.04±3.31 -2.67±4.34 0.276 -0.25±3.12 -0.94±3.44 0.347

FH/TrH 0.59±3.42 -0.72±3.90 0.362 -0.52±3.13 0.63±3.10 0.353 -1.42±4.22 -2.28±3.92 0.592 -0.45±3.63 -0.79±3.75 0.679

SN-h/TrH 4.58±5.07 2.61±4.17 0.288 3.97±3.61 4.62±4.51 0.678 2.74±4.99 1.16±3.40 0.357 3.76±4.57 2.80±4.19 0.329

Optic Plane/TrH 6.35±4.18 2.27±4.65 0.024 5.93±4.18 5.82±4.68 0.952 3.53±4.68 2.26±3.93 0.457 5.27±4.43 3.45±4.63 0.075

n: number, Significance on p < 0.05 scale, independent sample t test
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such association (23,24). The literature remains inconclusive 
regarding whether TMD affects body posture. Consequently, 
patients with TMD were excluded from this study.

Research by Tallgren and Solow (25) on the hyoid bone po-
sition and craniocervical morphology in adults with natural 
dentition demonstrated that the position of the hyoid bone 
is synchronized with facial shape, head posture, and cervical 
posture. Clinically, the hyoid bone’s position is significant as 
it reflects tongue positioning. Woodside and Linder-Aron-
son (26) hypothesized that mouth-breathing individuals tilt 
their heads backward to increase airway space. They also ob-
served that adenoid removal, which restores normal airway 
function, resulted in a less extended head posture. Studies 
suggest that postural adaptation occurs in response to vi-
sual stimuli due to the interaction between the visual and 
musculoskeletal systems (27). Therefore, this study exclud-
ed patients with TMD, mouth-breathing tendencies, tongue 
thrust, and vision impairments requiring eyeglasses.

Various techniques have been employed to record NHP 
and determine the true vertical (TrV) on radiographs. These 
methods range in complexity, from simple cephalometric 
imaging to more advanced techniques using inclinometers 
to record head orientation (28–30). However, these meth-
ods often face challenges, such as inconsistencies in results 
and time-consuming procedures (31). Some researchers 
suggest capturing a photograph of the patient alongside a 
plumb line and then transferring the TrV from the image to 
the radiograph. However, this additional step increases the 
potential for error. A more efficient alternative involves re-
cording the plumb line directly onto the radiograph during 
image acquisition, eliminating the need for transposition. 
Nonetheless, studies indicate that achieving NHP in radio-
graphic imaging is more challenging than in photography, 
and transferring the plumb line from photographs to radio-
graphs is considered a reliable and clinically valid method 
(8,19,32,33). While the plumb line method is frequently cited, 
laser levels provide a more consistent and stable reference. 
Unlike the plumb line, laser levels are not significantly affect-
ed by minor environmental vibrations (14). In this study, TrV 
was recorded using a laser level, similar to the methods used 
by Chen et al. (14), Demetrio et al. (15), and Raju et al. (16).

The SN and FH planes are among the most commonly used 
intracranial reference planes (4,34). The FH plane, originally 
adapted from anthropologic craniometric research, is widely 
regarded as the closest craniofacial reference plane to the 
true horizontal (TrH) when a patient is in NHP (4,34). Howev-
er, some studies have reported discrepancies between the 
TrH and FH planes and have discussed the reliability of NHP 
(35–37). Foster et al. (4) noted that identifying the ear canal 
location can be difficult, making the SN plane more repro-
ducible and reliable than the FH plane. Conversely, the FH 
plane was found to be nearly parallel to the TrH. Thus, select-
ing an appropriate reference plane that is consistent across 
all patients is critical (4).

Intracranial cephalometric planes exhibit variability and 
landmark identification challenges, largely due to differences 
in reference point definitions and locations. Using NHP as an 
extracranial reference helps reduce these variations within in-
tracranial landmarks, allowing for more accurate evaluations 
of growth and dentocraniofacial anomalies. The NHP method 
has proven to be both reliable and reproducible (38).

Head alignment in the axial plane is primarily influenced 
by inner ear equilibrium via vestibular system stimulation. 
This is further reinforced by muscle balance and visual input 
(39). The external occipital protuberance (EOP), an anatom-
ic structure on the posterior surface of the occipital bone, 
is closely associated with the inion point. The EOP serves as 
the attachment site for the ligamentum nuchae and the tra-
pezius muscle (40). Considering the two major factors influ-
encing NHP—the visual system and the muscular system—
the orbito-occipital plane may be closely related to the TrH, 
as the orbit represents the visual system and the inion rep-
resents the muscular system.

Few studies have examined variations in different anatomic 
planes relative to TrH. Zebeib and Naini (8) compared the TrH 
with the FH, SN-h, and optic planes, while Devi et al. (41) and 
Shetty et al. (35) compared the FH with TrH. Lundstrom et al. 
(42) analyzed the SN, FH, and Ba-N planes in relation to TrH, 
while Saood et al. (43) compared the SN and FH planes to TrH. 
Devi et al. (41) stated that although the FH plane was not iden-
tical to the TrH, it closely approximated it. Shetty et al. (35) ex-
amined six intracranial planes in relation to TrH and concluded 
that FH (-1.06 ± 3.19) could serve as a reference when NHP is 
unavailable. In contrast, Saood et al. (43) reported significant 
variability in FH inclination (2.34 ± 4.13), which could lead to 
diagnostic errors and ultimately affect treatment plans.

Zebeib and Naini (8) found that FH (-1.60 ± 3.40) exhibited 
the least variability, while SN-h (2.10 ± 5.10) and the optic plane 
(3.20 ± 4.70) showed greater deviations. Our findings align with 
Zebeib and Naini regarding the inclination of anatomic refer-
ence planes relative to TrH. Our results indicate that the orbi-
to-occipital (-0.55 ± 3.26) and FH (-0.60 ± 3.67) planes were the 
closest to TrH, followed by SN-h (3.33 ± 4.40) and the optic plane 
(4.46 ± 4.58). Unlike Zebeib and Naini (8), our study also evalu-
ated the orbito-occipital plane across different skeletal classifi-
cations, including Class I, II, and III. The optic plane showed the 
greatest inconsistency, particularly in Class II individuals (5.88 ± 
4.32) and Class I females (6.35 ± 4.18).

Marcotte (44) investigated the relationship between head 
posture and dentofacial proportions, finding a strong correla-
tion between head posture and mandibular anteroposterior 
positioning. Individuals with prominent chins tended to hold 
their heads downward, while those with retruded chins ad-
opted an upward head posture. Nanda et al. (45) similarly re-
ported a strong correlation between pharyngeal obstruction 
and mandibular sagittal size and position. Our study included 
individuals from all skeletal classifications, yet no significant 
differences were observed in horizontal planes across these 
groups. This may be due to the multifactorial etiology of mal-
occlusion in our sample. Park et al. (7) reported that the or-
bito-occipital and FH planes could be used interchangeably. 
Our study corroborates this, showing that the FH and orbi-
to-occipital planes exhibited the least variation and had the 
most similar mean inclination to TrH (7).

The main limitation of this study was the relatively small 
sample size. However, despite this limitation, the sample was 
sufficient to yield reliable findings with a test strength of 93%.

Conclusion

The findings of this study indicate that while the FH and or-
bito-occipital planes are not identical to the TrH, they are the 
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closest intracranial reference planes. Variability in reference 
planes may impact cephalometric analysis, influencing both 
diagnosis and treatment planning. The optic plane demon-
strated the greatest deviation from the TrH, particularly in 
Class II and female Class I individuals. Although the FH and 
orbito-occipital planes exhibited minimal differences, they 
were insufficient to replace the TrH definitively. Given these 
limitations, it is recommended that lateral cephalometric 
radiographs be taken in the natural head position (NHP) to 
enhance measurement accuracy and consistency.

Türkçe öz: Gerçek yatay düzlem yerine hangi intrakraniyal düzlem 
kullanılabilir? Amaç: Bu çalışmanın amacı, Sınıf 1, 2 ve 3 iskeletsel pa-
terne sahip bireylerde Frankfort horizontal (FH), sella-nasion horizontal 
(SN-h), optik ve orbito-oksipital düzlemlerin gerçek yatay çizgiye (TrH) 
göre varyasyonlarını değerlendirerek güvenilirliklerini incelemekti. Ge-
reç ve Yöntem: ANB açısına göre Sınıf 1, 2 ve 3 olarak sınıflandırılmış her 
gruptan 27’şer olmak üzere toplam 81 hastanın tedavi öncesi lateral 
sefalometrik radyografileri (LSR) doğal baş postüründe (NBP) alındı. 
NBP lazer terazi kullanılarak gerçek dikey düzlem (GDD) ile oluşturuldu. 
GYD ise bu GDD’ ye dik olarak elde edildi. Anatomik referans düzlem-
lerinin eğimleri GYD ile karşılaştırıldı. Bulgular: Orbito-oksipital ve FH 
düzlemleri, sırasıyla -0.55 ± 3.26 ve -0.60 ± 3.67 ortalama değerleriyle 
TrH’ye en yakın düzlemler olarak belirlendi. SN-h için ortalama değer 
3.33 ± 4.40 iken, optik düzlem için 4.46 ± 4.58 olarak ölçüldü. Tüm 
anatomik düzlemler için geniş bir aralık gözlendi: FH düzlemi için -9.03° 
to 8.22°, orbito-oksipital düzlem için -8.79° to 6.49°, SN-h için -9.87° to 
13.16° ve optik düzlem için -4.21° to 16.43°. İskeletsel paternlerle ilişki-
li olarak anlamlı bir fark bulunmadı (orbito-oksipital düzlem; p=0.05, 
FH düzlemi: p=0.115, SN-h; p=0.156, optik düzlem; p=0.063). Cinsiyet 
açısından, yalnızca Sınıf 1 kadınlarda optik düzlemde anlamlı bir fark 
bulundu (p=0.024). Sonuç: FH ve orbito-oksipital düzlemler GYD ile bi-
rebir örtüşmemekle birlikte, GYD’ye en yakın referans düzlemler olarak 
öne çıkmaktadır. Referans düzlemlerindeki varyasyonlar tanı ve tedavi 
süreçlerini etkileyebilir. Anahtar Kelimeler: Ortodonti; sefalometri; doğal 
baş postürü; intrakraniyal düzlem; gerçek yatay; lazer terazi

Ethics Committee Approval: The study design was approved by 
the Ethics Committee of the Recep Tayyip Erdogan University, Facul-
ty of Medicine (decision date / number: 03.04.2024/70).

Informed Consent: Participants provided informed constent.

Peer-review: Externally peer-reviewed.

Author contributions: MG, BBG, ZK participated in designing the 
study. MG, BBG, ZK participated in generating the data for the study. 
MG, BBG, ZK participated in gathering the data for the study. MG par-
ticipated in the analysis of the data. MG, BBG, ZK wrote the majority 
of the original draft of the paper. MG, BBG, ZK participated in writing 
the paper. MG, BBG, ZK has had access to all of the raw data of the 
study. MG, BBG, ZK has reviewed the pertinent raw data on which 
the results and conclusions of this study are based. MG, BBG, ZK have 
approved the final version of this paper. MG, BBG, ZK guarantees that 
all individuals who meet the Journal’s authorship criteria are includ-
ed as authors of this paper.

Conflict of Interest: The authors declared that they have no conflict 
of interest.

Financial Disclosure: The authors declared that they have received 
no financial support.

References

1. 	 Durao AR, Alqerban A, Ferreira AP, Jacobs R. Influence of lateral 
cephalometric radiography in orthodontic diagnosis and 
treatment planning. Angle Orthod 2015;85:206-10. [CrossRef ]

2. 	 Giannopoulou MA, Kondylidou-Sidira AC, Papadopoulos 
MA, Athanasiou AE. Are orthodontic landmarks and 
variables in digital cephalometric radiography taken in fixed 
and natural head positions reliable? Int Orthod 2020;18:54-
68. [CrossRef ]

3. 	 Huh YJ, Huh KH, Kim HK, Nam SE, Song HY, Lee JH, Park YS. 
Constancy of the angle between the Frankfort horizontal plane 
and the sella-nasion line: A nine-year longitudinal study. Angle 
Orthod 2014;84:286-91. [CrossRef ]

4. 	 Foster TD, Howat AP, Naish PJ. Variation in cephalometric 
reference lines. Br J Orthod 1981;8:183-7. [CrossRef ]

5. 	 Burstone CJ, James RB, Legan H, Murphy GA, Norton LA. 
Cephalometrics for orthognathic surgery. J Oral Surg 
1978;36:269-77. 

6. 	 Sassouni V. A roentgenographic cephalometric analysis of 
cephalo-facio-dental relationships. American Journal of 
Orthodontics 1955;41:735-64. [CrossRef ]

7. 	 Park JA, Ha TJ, Lee JS, Song WC, Koh KS. Use of the orbito-
occipital line as an alternative to the frankfort line. Anat Cell Biol 
2020;53:21-6. [CrossRef ]

8. 	 Zebeib AM, Naini FB. Variability of the inclination of anatomic 
horizontal reference planes of the craniofacial complex in 
relation to the true horizontal line in orthognathic patients. Am 
J Orthod Dentofacial Orthop 2014;146:740-7. [CrossRef ]

9. 	 Meiyappan N, Tamizharasi S, Senthilkumar KP, Janardhanan 
K. Natural head position: An overview. J Pharm Bioallied Sci 
2015;7:S424-7. [CrossRef ]

10. 	 World Medical A. World medical association declaration of 
helsinki. Ethical principles for medical research involving human 
subjects. Bull World Health Organ 2001;79:373-4. [CrossRef ]

11. 	 Faul F, Erdfelder E, Lang AG, Buchner A. G*power 3: A flexible 
statistical power analysis program for the social, behavioral, 
and biomedical sciences. Behav Res Methods 2007;39:175-91. 
[CrossRef ]

12. 	 Molhave A. A biostatic investigation. The standing posture 
of man theoretically and statometrically illustrated. Acta 
orthopaedica Scandinavica 1960;29:291-300. [CrossRef ]

13. 	 Solow B, Tallgren A. Natural head position in standing subjects. 
Acta odontologica Scandinavica 1971;29:591-607. [CrossRef ]

14. 	 Chen CM, Lai S, Tseng YC, Lee KT. Simple technique to achieve 
a natural head position for cephalography. Br J Oral Maxillofac 
Surg 2008;46:677-8. [CrossRef ]

15. 	 Demetrio MS, Marliere DAA, Barbosa SM, Pereira RA, da 
Silveira HM. Different modalities to record and transfer natural 
head position to virtual planning in orthognathic surgery: 
Case reports of asymmetric patients. J Maxillofac Oral Surg 
2021;20:443-54. [CrossRef ]

16. 	 Raju NS, Prasad KG, Jayade VP. A modified approach for 
obtaining cephalograms in the natural head position. J Orthod 
2001;28:25-8. [CrossRef ]

17. 	 Koo TK, Li MY. A guideline of selecting and reporting intraclass 
correlation coefficients for reliability research. J Chiropr Med 
2016;15:155-63. [CrossRef ]

18. 	 Moorrees CF. Natural head position--a revival. Am J Orthod 
Dentofacial Orthop 1994;105:512-3. [CrossRef ]

19. 	 Bister D, Edler RJ, Tom BD, Prevost AT. Natural head posture--
considerations of reproducibility. Eur J Orthod 2002;24:457-70. 
[CrossRef ]

20. 	 Lundström A, Forsberg CM, Westergren H, Lundström F. A 
comparison between estimated and registered natural head 
posture. Eur J Orthod 1991;13:59-64. [CrossRef ]

21. 	 Sonnesen L, Bakke M, Solow B. Temporomandibular disorders in 
relation to craniofacial dimensions, head posture and bite force 
in children selected for orthodontic treatment. Eur J Orthod 
2001;23:179-92. [CrossRef ]

22. 	 Minervini G, Franco R, Marrapodi MM, Crimi S, Badnjevic 
A, Cervino G, Bianchi A, Cicciu M. Correlation between 
temporomandibular disorders (tmd) and posture evaluated 
trough the diagnostic criteria for temporomandibular disorders 

https://doi.org/10.2319/011214-41.1
https://doi.org/10.1016/j.ortho.2019.08.024
https://doi.org/10.2319/062013-464.1
https://doi.org/10.1179/bjo.8.4.183
https://doi.org/10.1016/0002-9416(55)90171-8
https://doi.org/10.5115/acb.19.136
https://doi.org/10.1016/j.ajodo.2014.08.012
https://doi.org/10.4103/0975-7406.163488
https://doi.org/10.4414/smf.2001.04031
https://doi.org/10.3758/BF03193146
https://doi.org/10.3109/17453675908988804
https://doi.org/10.3109/00016357109026337
https://doi.org/10.1016/j.bjoms.2008.03.022
https://doi.org/10.1007/s12663-020-01376-1
https://doi.org/10.1093/ortho/28.1.25
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1016/S0889-5406(94)70014-1
https://doi.org/10.1093/ejo/24.5.457
https://doi.org/10.1093/ejo/13.1.59
https://doi.org/10.1093/ejo/23.2.179


216 Gonca M., et al. 

(dc/tmd): A systematic review with meta-analysis. J Clin Med 
2023;12. [CrossRef ]

23. 	 Saddu SC, Dyasanoor S, Valappila NJ, Ravi BV. The evaluation 
of head and craniocervical posture among patients with and 
without temporomandibular joint disorders- a comparative 
study. J Clin Diagn Res 2015;9:ZC55-8. [CrossRef ]

24. 	 Ekici Ö, Camcı H. Relationship of temporomandibular joint 
disorders with cervical posture and hyoid bone position. Cranio: 
the journal of craniomandibular practice 2024;42:132-41. 
[CrossRef ]

25. 	 Tallgren A, Solow B. Hyoid bone position, facial morphology and 
head posture in adults. Eur J Orthod 1987;9:1-8. [CrossRef ]

26. 	 Woodside DG, Linder-Aronson S. The channelization of upper 
and lower anterior face heights compared to population 
standard in males between ages 6 to 20 years. Eur J Orthod 
1979;1:25-40. [CrossRef ]

27. 	 Willford CH, Kisner C, Glenn TM, Sachs L. The interaction of 
wearing multifocal lenses with head posture and pain. The 
Journal of orthopaedic and sports physical therapy 1996;23:194-
9. [CrossRef ]

28. 	 Murphy KE, Preston CB, Evans WG. The development of 
instrumentation for the dynamic measurement of changing 
head posture. Am J Orthod Dentofacial Orthop 1991;99:520-6. 
[CrossRef ]

29. 	 Usumez S, Orhan M. Inclinometer method for recording and 
transferring natural head position in cephalometrics. Am J 
Orthod Dentofacial Orthop 2001;120:664-70. [CrossRef ]

30. 	 Usumez S, Orhan M. Reproducibility of natural head position 
measured with an inclinometer. Am J Orthod Dentofacial 
Orthop 2003;123:451-4. [CrossRef ]

31. 	 Schatz EC, Xia JJ, Gateno J, English JD, Teichgraeber JF, Garrett 
FA. Development of a technique for recording and transferring 
natural head position in 3 dimensions. J Craniofac Surg 
2010;21:1452-5. [CrossRef ]

32. 	 Benson PE, Richmond S. A critical appraisal of measurement 
of the soft tissue outline using photographs and video. Eur J 
Orthod 1997;19:397-409. [CrossRef ]

33. 	 Tsang KH, Cooke MS. Comparison of cephalometric analysis 
using a non-radiographic sonic digitizer (digigraph workstation) 
with conventional radiography. Eur J Orthod 1999;21:1-13. 
[CrossRef ]

34. 	 Madsen DP, Sampson WJ, Townsend GC. Craniofacial reference 
plane variation and natural head position. Eur J Orthod 
2008;30:532-40. [CrossRef ]

35. 	 Shetty D, Bagga DK, Goyal S, Sharma P. A cephalometric study 
of various horizontal reference planes in natural head position. 
Journal of Indian Orthodontic Society 2013;47:143-7. [CrossRef ]

36. 	 Dvortsin DP, Ye Q, Pruim GJ, Dijkstra PU, Ren Y. Reliability of the 
integrated radiograph-photograph method to obtain natural 
head position in cephalometric diagnosis. Angle Orthod 
2011;81:889-94. [CrossRef ]

37. 	 Raju DS, Naidu DL. Reliability and reproducibility of natural head 
position: A cephalometric study. Journal of Indian Orthodontic 
Society 2012;46:340-7. [CrossRef ]

38. 	 Suzuki H, Suzuki SS, Garcez AS, Carvalhaes JM, Fujii DN, Lima-
Arsati YB. Reliability of a centroid method to estimate head 
position in cephalometric diagnosis. RGO - Revista Gaúcha de 
Odontologia 2020;68. [CrossRef ]

39. 	 Weber DW, Fallis DW, Packer MD. Three-dimensional 
reproducibility of natural head position. Am J Orthod 
Dentofacial Orthop 2013;143:738-44. [CrossRef ]

40. 	 Valai Kasim SA, Mustafa Shariff MM, Danish S, Valai Kasim NA. 
Occipital spur: An incidental finding on a diagnostic cone-beam 
computed tomography – a case report. Anatomy 2022;22:189-
92. [CrossRef ]

41. 	 Devi SS, Dinesh S, Sivakumar A, Nivethigaa B, Alshehri A, Awadh 
W, Alam MK, Bhandi S, Raj AT, Patil S. Reliability of Frankfort 
horizontal plane with true horizontal plane in cephalometric 
measurements. J Contemp Dent Pract 2022;23:601-5. [CrossRef ]

42. 	 Lundstrom F, Lundstrom A. Natural head position as a basis 
for cephalometric analysis. Am J Orthod Dentofacial Orthop 
1992;101:244-7. [CrossRef ]

43. 	 Saood M, Asim M, Mushtaq N, Khan A, Tajik I. Differences in 
inclination of craniofacial reference planes to true horizontal 
line-a cross-sectional study. Journal of Khyber College of 
Dentistry 2018;8:53-6.

44. 	 Marcotte MR. Head posture and dentofacial proportions. Angle 
Orthod 1981;51:208-13.

45. 	 Nanda M, Singla A, Negi A, Jaj H, Mahajan VJJoIOS. The 
association between maxillomandibular sagittal relationship 
and pharyngeal airway passage dimensions.  2012;46:48-52. 
[CrossRef ]

https://doi.org/10.3390/jcm12072652
https://doi.org/10.7860/JCDR/2015/12830.6343
https://doi.org/10.1080/08869634.2021.1926745
https://doi.org/10.1093/ejo/9.1.1
https://doi.org/10.1093/ejo/1.1.25
https://doi.org/10.2519/jospt.1996.23.3.194
https://doi.org/10.1016/S0889-5406(05)81628-2
https://doi.org/10.1067/mod.2001.117201
https://doi.org/10.1067/mod.2003.71
https://doi.org/10.1097/SCS.0b013e3181ebcd0a
https://doi.org/10.1093/ejo/19.4.397
https://doi.org/10.1093/ejo/21.1.1
https://doi.org/10.1093/ejo/cjn031
https://doi.org/10.1177/0974909820130305
https://doi.org/10.2319/010411-2.1
https://doi.org/10.1177/0974909820120609S
https://doi.org/10.1590/1981-863720200004520190017
https://doi.org/10.1016/j.ajodo.2012.11.026
https://doi.org/10.2399/ana.22.3383890
https://doi.org/10.5005/jp-journals-10024-3344
https://doi.org/10.1016/0889-5406(92)70093-P
https://doi.org/10.1177/0974909820120108

