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Evaluation of Maxillofacial Characteristics in 
Individuals with Anterior Open Bite Using Denture 
Frame Analysis

ABSTRACT

Keywords: The aim of this study was to evaluate the effectiveness of denture frame analysis (DFA) in individuals with anterior open 
bite who had completed pubertal peak growth (post-peak). 

Methods: This retrospective study was conducted using the cephalometric radiographs and hand-wrist X-rays of 50 individuals 
with open bite (mean age: 17.33±3 years; 35 female, 15 male) and a control group of 50 individuals without open bite (mean age: 
17.38±2.72; 35 female, 15 male). All individuals included in the study were skeletal Class I and had completed or nearly completed 
skeletal growth. Skeletal and dental measurements pertaining to DFA were done and the data were analyzed using independent 
samples t test and Mann–Whitney U test.

Results: Measurements assessing the vertical dimension showed that GoGn/SN, Frankfurt horizontal (FH)/mandibular plane (MP), 
palatal plane (PP)/MP, occlusal plane (OP)/MP, and OP–MP/PP–MP measurements were significantly greater in the open bite group 
(p<0.001). AB/MP angle was significantly larger in the control group (p<0.05). The open bite group had shorter A'–P' (posterior maxil-
lary length; p<0.05) and, therefore, higher A'–6'/A'–P' ratio (p<0.01). 

Conclusion: Our results suggest that there may be a close association between maxillary OP inclination and mandibular position in 
individuals with open bite, and that open bite may arise due to maxillary denture base deficiency, especially in the posterior region. 
DFA may be useful in the differential diagnosis of open bite and in treatment planning, particularly when determining the need for 
tooth extraction.
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INTRODUCTION
Craniofacial growth estimation is important in orthodontics both in terms of diagnosis and treatment. Condylar 
growth has long been considered the primary factor affecting mandibular growth (1, 2). However, some studies 
suggest that condylar adaptation may arise as a result of mandibular repositioning and that changes in the po-
sition of the mandible may affect condylar growth (3, 4). 

Cephalometric analyses usually examine the relationship of teeth with the cranial base and its effects on skel-
etal and soft tissue. In such skeletal and dental analyses, it is generally accepted that the impaired relationship 
between the maxilla and the mandible is caused by undesired growth pattern. However, the exact cause of 
excessive mandibular growth has not been established. It is still unclear whether the growth in condylar region 
is a result of genetic or adaptive effects. According to the functional matrix theory, skeletal units (i.e., the bony 
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Main points:
• Posterior arch length deficiency, particularly at the distal of the first molars can be present in individuals with open bite.
• Open bite may arise due to maxillary denture base deficiency.
• Mandibular position can be affected by the changes in the occlusal plane.
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structures that support and protect operational functional units) 
grow and adapt according to changes that occur in functional 
units (5-7). 

Petrovic (8) investigated the growth of maxillofacial skeletal 
structures and described the “cybernetic model” based on Moss’s 
concept. According to this model, mandibular position is largely 
affected by the functional needs, particularly articulation, and 
this is regulated by the central musculoskeletal system. Occlu-
sal function is an important factor for mandibular growth. The 
displacement of the maxilla through forward and downward 
directs the growth of the mandible, and the mandible tries to 
adapt to this displacement functionally. In addition, the tem-
poromandibular joint adapts to the new position of the man-
dible. According to the cybernetic theory, the functional factor 
regulating the mandibular growth is occlusal function. For ex-
ample, functional occlusal planes (OPs) of an individual whose 
maxilla is developing downward will be located below and in 
response to this, the mandible will move vertically and devel-
op in a vertical direction. The functional forces of the mandible 
will be transmitted through the temporal bone with the help 
of the temporomandibular joint and the masseter muscle, and 
movements or rotations will occur in the temporal bone. In ad-
dition, by changing the position of the mandible, the tensions 
of the lateral and medial pterygoid muscles change, causing the 
movement of sphenoid bone. The movement in the sphenoid 
bone changes the motion of the maxilla and affects the vertical 
position of the vomer. In short, the balance of the maxillofacial 
skeleton is affected by adapting the mandible to an abnormal 
occlusion with an abnormal growth pattern (9).

On the basis of this theory, Sato (10) claimed that the growth 
and morphology of the face was affected by the function of 
the occlusion and the OP. According to Sato et al. (11), the ver-
tical positions of the posterior teeth do not stay stable during 
growth, especially in patients with open bite and/or high an-
gle Class III. The OP is largely affected by its relationship with 
denture base deficiency posterior to the first molar. Posterior 
discrepancy results in the eruption of the molars during both 
the growth and post-pubertal period, which can also result in 
abnormal mandibular position and growth. The relationship 
of sagittal and vertical skeletal components with the occlusion 
should be taken into consideration while revealing the etiolo-
gy of the malocclusion. Therefore, denture frame analysis (DFA) 
was introduced in 1987 by Sato. DFA is an easy diagnostic in-
dicator that examines the structure of the lower face, includ-
ing the skeletal frame of dentition, vertical component of the 
etiological factor, OP, and posterior insufficiency. It enables as-
sessment and analysis of the vertical and sagittal relationship 
between the jaws and their associated OPs. DFA does not use 
the cranial reference planes, but is limited to the jaws and the 
teeth. Moreover, most cephalometric analyses based on cranial 
reference planes analyze vertical and sagittal relationships but 
overlook the fact that these two directions will affect one anoth-
er (12-14). However, DFA allows evaluation of the relationships 
between facial type and OP, between anteroposterior problem 
and vertical component, and between changes in vertical di-
mensions and posterior insufficiency (15).

It is very difficult to control the vertical component of malocclu-
sions. The most widely accepted and commonly used reference 
measurement in the evaluation of this component is the man-
dibular plane (MP) angle. However, the correlation between the 
MP angle and the vertical problem is not always sufficient for di-
agnosis and treatment planning (10). In their study, evaluating 
the norms of DFA in the Turkish population, Kayasu and Koklu 
(16) noted that their results differed from those obtained in the 
Japanese population and reported that differences may be ob-
served based on sex and stage of skeletal maturity. Their results 
also demonstrated that DFA is very effective in establishing a dif-
ferential diagnosis in the evaluation of the vertical dimension.

Therefore, the aim of this study was to evaluate the effectiveness 
of DFA as an adjunct to routinely used cephalometric analyses in 
order to enable occlusion-oriented evaluation for diagnosis, dif-
ferential diagnosis, growth estimation, prognosis, and treatment 
planning in individuals with open bite who completed pubertal 
peak growth (post-peak). The null hypothesis of this study was 
“no difference exists between DFA measurements of individuals 
with and without open bite.”

METHODS
We used GPower 3.1.0 software package (Universität Düsseldorf, 
Düsseldorf, Germany) to determine the number of individuals in-
cluded in the study, and we further performed a power analysis. 
Based on a previous study, an expected effect size of f=0.56 was 
used in the power calculation (15). Sample size calculation was 
based on the ability to detect significant differences in A’–6’ and 
A’–P’ values at α=0.05 error probability (critical t: 1.664125; non-
centrality parameter δ: 2.535508). According to power analysis, a 
sample size of 41 patients for each group would allow for a power 
>80 % (actual power: 0.807608) with an allocation ratio (N2/N1) =1.

Therefore, we analyzed the cephalometric radiographs and 
hand-wrist X-rays of 50 individuals with open bite (mean age: 
17.33±3 years; 35 female, 15 male) and 50 individuals comprising 
the control group (mean age: 17.38±2.72; 35 female, 15 male) 
who presented to the Dentistry Hospital of the İstanbul Medipol 
University Mega Hospitals Complex and to the Ankara University 
Faculty of Dentistry for examination or treatment. The study was 
approved by the İstanbul Medipol University Ethics Committee 
(Approval No: 639) and conducted according to the principles 
set in the Declaration of Helsinki and informed consent was ob-
tained from the patients.

Patients were included in the open bite group based on the fol-
lowing criteria:

1. Anterior open bite evident in patient photographs/clinical ex-
amination (overbite <0 mm).

2. Skeletal Class I (0°≤ANB≤4°) relationship, to rule out the an-
teroposterior differences.

3. Complete or near-complete skeletal development based on 
evaluation of hand-wrist radiographs (complete or near-com-
plete fusion of radial epiphysis and diaphysis) (17, 18).

4. No missing teeth other than the third molars.
5. No craniofacial syndrome or congenital abnormalities.
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Criteria 2 through 5 of the study group were also valid for the 
control group. Meanwhile, the individuals in the control group 
had overbite greater than 0 mm. 

Profile distance X-rays of individuals included in the study were 
obtained using a Sirona Orthophos XG DS/Ceph X-ray device un-
der standard conditions with teeth in maximum intercuspal po-
sition and the Frankfurt horizontal plane parallel to the ground. 
During imaging, the individual’s sagittal plane was 155 cm from 
the X-ray source and 12.5 cm from the film cassette. Maximum 
distance between hand and X-ray source was used when acquir-
ing the hand-wrist X-rays. AutoCAD 2016 (Autodesk, CA, USA) 
computer software was used for data analyses. Cephalometric 
landmarks used in the study are given in Table 1. The following 
standard cephalometric measurements were made (Figure 1): 

1. SNA (posteroinferior angle between anterior cranial base 
and nasion-point A line), SNB (posteroinferior angle between 
anterior cranial base and nasion-point B line), ANB (angle be-
tween nasion-point A and nasion-point B lines), and GoGn/SN 
(angle between anterior cranial base and Go-Gn line) angles.

2. Overjet (the horizontal distance between the maxillary and 
mandibular incisors) and overbite (the vertical distance be-
tween the maxillary and mandibular incisors).

Measurements used in the DFA were as follows (Figure 2) (10, 11):

1. Frankfurt horizontal (FH)/MP (angle between FH line [Po–
Or] and MP [Go–Me]), palatal plane (PP)/MP (angle between 
PP [anterior nasal spine (ANS)– posterior nasal spine (PNS)] 
and MP), OP/MP (angle between the maxillary OP [U1i–U6] 
and MP), AB/MP (angle between the line connecting A and 
B points and MP), A’–6’ (anterior maxillary length; distance 
between point A’ and point 6’), and A’–P’ (maxillary length; 
distance between point A’ and point P’). 

2. U1i–AB (perpendicular distance from incisal point of upper 
incisor to AB line), U1/AB (acute angle between axis of upper 
incisor, U1i–U1a, and AB line), L1i–AB (perpendicular distance 
from incisal point of lower incisor to AB line), L1/AB (acute an-
gle between axis of upper incisor, L1i–L1a, and AB line), and 
intermolar angle (wide angle between long axis of upper and 
lower first molars).

Statistical Analysis
Measurements were performed twice by the same observer four 
weeks apart and correlation coefficients were calculated to as-
sess reliability of the measurements. Data obtained in the study 
were analyzed with The Statistical Package for Social Sciences 
version 21.0 software (IBM Corp.; Armonk, NY, USA). Compari-
sons between two groups were done using independent sam-
ples t -test or Mann–Whitney U test in accordance with tests of 
normality. Level of significance was accepted as 0.05; p<0.05 
were considered statistically significant.
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Table 1. Cephalometric skeletal and dental landmarks

 Skeletal Landmarks

Nasion (N) The most anterior point of the frontonasal suture

Sella (S) The midpoint of sella turcica

A  The deepest point of the concavity on the maxilla between ANS and prosthion

B  The deepest point of the concavity on the mandibular symphysis between infradentale and pogonion

Gonion (Go) Point of intersection of the ramus plane and the mandibular plane

Gnathion (Gn) The most anteroinferior point on the symphysis

Menton (Me) The midpoint on the inferior border of the mental protuberances

ANS  The most anterior point of anterior nasal spine

PNS The most posterior point of posterior nasal spine

Orbitale (Or) The most antero-inferior point of the infraorbital rim

Porion (Po) The most superior point of the meatus acusticus externus

Pterygomaxillary fissure (P) The most anterior point of the pterygomaxillary fissure

A’ Projection of point A on palatal plane (ANS-PNS line)

P’ Projection of point P on palatal plane (ANS-PNS line)

 Dental Landmarks

U1i Incisal point of upper central incisor

U1a Apical point of upper central incisor

L1i Incisal point of lower central incisor

L1a Apical point of lower central incisor

U6 The midpoint of upper first molar’s occlusal surface

U6f Furcation point between upper first molar’s mesial and distal roots

L6 The midpoint of lower first molar’s occlusal surface

L6f Furcation point between lower first molar’s mesial and distal roots

U6m The most anterior point of upper first molar crown

6’ Projection of U6m on the palatal plane (ANS-PNS line)



RESULTS
Repeated measurements showed high reliability, with correla-
tion coefficients ranging between 0.882 and 0.996. 

Comparison of mean values in the open bite and control group 
showed that the ANB angle was 2° in the open bite group and 
2.6° in the control group (p<0.05). Measurements assessing the 
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Figure 1. Standard cephalometric measurements used in the study: 
1. SNA, 2. SNB, 3. ANB, 4. Go-Gn/SN, 5. Overjet 6. Overbite

Figure 2. DFA measurements: 7. FH/MP 8. PP/MP 9. OP/MP 10. AB/
MP 11. A’-6’, 12. A’-P’, 13. U1i-AB, 14. U1/AB 15. L1i-AB, 16. L1/AB, 17. 
Intermolar angle 

Table 2. Descriptive statistics and comparison of the cephalometric measurements between the open bite and control groups with t test

  Open Bite Group   Control Group                                     t test

 n Mean ±SD n Mean ±SD t p

Chronological Age 50 17.33 3.00 50 17.38 2.72 -0.072 0.943

Standard Cephalometric Measurements

SNA (°) 50 79.3 4.3 50 80.2 3.3 -1.202 0.232

SNB (°) 50 77.2 4.7 50 77.6 3.6 -.457 0.649

ANB (°) 50 2.0 1.3 50 2.6 1.2 -2.174 0.032*

GoGn/SN (°) 50 37.6 5.7 50 30.4 5.4 6.397 0.000***

Overjet (mm) 50 2.50 2.05 50 3.25 1.23 -2.217 0.029*

Overbite (mm) 50 -2.64 2.21 50 2.18 1.28 -13.317 0.000***

Denture Frame Analysis Measurements

FH/MP (°) 50 30.3 5.1 50 22.6 4.8 7.815 0.000***

PP/MP (°) 50 30.9 5.6 50 22.7 6.3 6.899 0.000***

OP/MP (°) 50 21.9 4.8 50 13.3 4.0 9.646 0.000***

OP-MP/PP-MP 50 0.71 0.11 50 0.56 .13 6.140 0.000***

AB/MP (°) 50 65.6 5.3 50 74.3 4.4 -8.949 0.000***

A'-6' (mm) 50 21.79 2.34 50 21.06 2.20 1.621 0.108

A'-P' (mm) 50 42.84 3.65 50 44.37 3.31 -2.210 0.029*

A'-6'/A'-P' 50 0.51 0.06 50 0.47 .05 3.220 0.002**

U1-AB (mm) 50 7.04 2.28 50 6.32 2.23 1.594 0.114

U1/AB (°) 50 30.5 6.6 50 28.8 7.3 1.175 0.243

L1-AB (mm) 50 5.10 4.46 50 3.10 1.81 2.939 0.004**

L1/AB (°) 50 24.4 6.0 50 22.1 6.3 1.898 0.061

Intermolar Angle (°) 50 168.0 6.9 50 172.4 6.8 -3.236 0.002**

* p<0.05, ** p<0.01, *** p<0.001, SD: Standard deviation



vertical dimension showed that GoGn/SN, FH/MP, PP/MP, OP/MP, 
and OP-MP/PP-MP measurements were significantly greater in 
the open bite group (p<0.001). AB/MP angle was significantly 
larger in the control group (p<0.05). The open bite group had 
shorter A’–P’ (maxillary length) (p<0.05) and consequently high-
er A’–6’/A’–P’ ratio (p<0.01). Intermolar angle, overjet, and over-
bite were found to be greater in the control group (Table 2).

When the groups were compared by sex, females in the open 
bite and control groups showed significant differences in ANB 
angle, GoGn/SN, FH/MP, PP/MP, OP/MP, OP–MP/PP–MP, AB/MP, 
A’–P’, L1–AB, intermolar angle, overjet, and overbite, whereas 
males in the open bite and control groups showed significant 
differences in terms of ANB angle, GoGn/SN, FH/MP, PP/MP, OP/
MP, OP-MP/PP–MP, AB/MP, A’–6’, A’–6’/A’–P’ ratio, L1–AB, L1/AB, 
intermolar angle, and overbite (Table 3). 

According to sex-based comparisons within each group, only 
A’–P’ was higher in males than females in the open bite group 
(p<0.05). In the control group, females had higher PP/MP value 
and A’–6’/A’–P’ ratio compared to the males (p<0.05; Table 4). 

DISCUSSION
Although cephalometric radiographs are widely used in ortho-
dontics to evaluate the growth and development of facial struc-
tures and treatment-induced changes in these structures, these 

analyses are generally inadequate to detect the change between 
these facial structures and the OP. According to Sato (10) the 
growth and morphology of the face was affected by the function 
of the occlusion and the OP. Citing the lack of an analysis that 
demonstrated the relationship between facial type and OP, be-
tween anteroposterior problem and the vertical component, or 
between changes in vertical dimensions and posterior deficien-
cy in the dental arch, Sato (10) developed DFA to understand the 
relationship between posterior deficiency, the OP, and mandibu-
lar repositioning. Changes in the posterior OP play an important 
role not only in the sagittal dimension but also in the vertical 
dimension and position of the maxillomandibular structures (19, 
20). The tooth-to-denture base discrepancy posterior to the first 
molar causes a “squeezing out” effect, the occlusal contacts that 
occur due to the crowding of the maxillary molars cause chang-
es in mandibular position, and abnormal vertical mandibular 
growth may lead to open bite (11, 19). 

On the basis of these considerations, in this study comparing 
OP and craniofacial morphology in individuals with and without 
open bite using DFA, we matched two groups in terms of chrono-
logical age and sex distribution in order to minimize intergroup 
differences. When selecting the study sample, we considered not 
only chronological age but also stage of skeletal development. It 
is known that normative values may be affected by growth and 
development and can change in later stages (21). Thus, to avoid 
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Table 3. Comparison of the cephalometric measurements between the open bite and control group for females and males Mann Whitney U test

   Female     Male

                   Open Bite (n:35)                   Control (n:35)                       Open Bite (n:15)              Control (n:15) 

 Mean ±SD Mean ±SD p Mean ±SD Mean ±SD p

Chronological Age (year) 17.87 3.16 17.35 2.93 0.507 16.08 2.17 17.44 2.26 0.089

Standard Cephalometric Measurements

SNA (°) 79.2 4.3 80.0 3.5 0.528 79.5 4.4 80.7 2.9 0.371

SNB (°) 77.2 4.6 77.3 3.8 0.887 77.3 5.0 78.4 3.0 0.371

ANB (°) 2.0 1.3 2.7 1.1 0.017* 2.2 1.4 2.4 1.4 0.746

GoGn/SN (°) 37.4 6.1 31.5 4.5 0.0001*** 38.0 5.0 28.0 6.7 0.0001***

Overjet (mm) 2.66 2.08 3.33 1.31 0.033* 2.12 1.98 3.04 1.04 0.164

Overbite (mm) -2.44 1.95 2.01 1.17 0.0001* -3.10 2.76 2.57 1.48 0.0001***

Denture Frame Analysis Measurements

FH/MP (°) 29.7 5.4 23.0 3.9 0.0001*** 31.6 3.8 21.7 6.4 0.0001***

PP/MP (°) 30.3 5.0 24.5 3.7 0.0001*** 32.3 6.9 18.6 8.9 0.0001***

OP/MP (°) 21.3 4.2 13.6 3.5 0.0001*** 23.3 5.9 12.7 5.0 0.0001***

OP-MP/PP-MP 0.70 0.11 0.55 0.11 0.0001*** 0.72 .11 .57 0.17 0.018**

AB/MP (°) 65.7 4.7 74.2 3.9 0.0001*** 65.3 6.7 74.6 5.7 0.001**

A'-6' (mm) 21.46 2.08 21.25 2.09 0.747 22.56 2.78 20.61 2.44 0.036*

A'-P' (mm) 42.09 3.08 43.80 3.33 0.038* 44.57 4.35 45.71 2.93 0.694

A'-6'/A'-P' 0.51 0.06 0.48 0.05 0.069 0.51 0.08 0.45 0.04 0.011*

U1-AB (mm) 7.18 2.33 6.55 2.27 0.408 6.72 2.23 5.77 2.11 0.213

U1/AB (°) 29.9 6.3 29.6 7.4 0.685 31.9 7.4 27.1 7.1 0.092

L1-AB (mm) 5.35 5.20 3.25 1.81 0.007** 4.51 1.83 2.73 1.82 0.026*

L1/AB (°) 24.5 6.5 23.0 6.3 0.154 24.3 4.9 19.9 6.2 0.048*

Intermolar Angle (°) 167.7 7.5 171.5 6.9 0.023* 168.7 5.4 174.5 6.3 0.004**

* p<0.05, ** p<0.01, *** p<0.001, SD: Standard deviation



variation in our results related to stage of skeletal development, 
all individuals selected for the study had completed or nearly 
completed growth (17, 18). Although there was a significant dif-
ference between the open bite group and control group in terms 
of ANB angle (p<0.05), we made sure to select the individuals 
included in both groups from among those with skeletal Class I 
relationship in order to limit the effect of the sagittal dimension 
and to better evaluate the vertical dimension (open bite group 
ANB: 2°, control group ANB: 2.6°). Consistent with ANB angle, we 
found that among the individuals included in our study, overjet 
was also slightly greater in the control group and the difference 
was significant between the females in the two groups (p<0.05). 

Skeletal open bite is not limited to the dentoalveolar region 
alone but includes craniofacial malformations that involve the 
skeletal structure and jaws (22, 23). In this study,the evaluation of 
parameters related to the vertical dimension (GoGn/SN, FH/MP, 
and PP/MP) naturally revealed significant differences between 
the open bite and control groups, with the open bite group dis-
playing a larger MP angle (p<0.001). Although sex-based com-
parisons between the groups yielded similar results, intragroup 
comparisons between the sexes showed that only PP/MP angle 
was larger in females than males in the control group, whereas 
no differences were detected in other measurements. In DFA, 
the angle between AB and MP is analyzed to evaluate the rela-
tionship between the maxilla and the mandible in the sagittal 

plane. Although this measurement provides insight into both 
horizontal and vertical jaw relation, Celar et al. (15) stated that 
this parameter alone is inadequate for the evaluation of the re-
lationship between the maxilla and the mandible. In our study, 
this angle was significantly narrower in the open bite group 
and the difference was significant for both females and males 
in sex-based comparisons between the groups. We attribute 
this difference to the steeper MP in the open bite group rather 
than anteroposterior differences. AB-MP angle gives the rela-
tion of the jaws in the sagittal direction. However, as this angle 
also depends on the inclination of the mandibular plane, it is a 
measurement that evaluates the sagittal and vertical positions 
simultaneously. Therefore, the use of this measurement without 
considering vertical parameters is not appropriate for determin-
ing the anteroposterior relationship of jaws.

Occlusion and the maxillofacial structures comprise a unique and 
dynamic mechanism involving continuous interaction. There-
fore, orthodontic treatment does not simply alter occlusion, but 
also changes the skeletal structures of maxillofacial structures. 
According to Petrovic (24), there is a direct relationship between 
occlusion and mandibular position. He stated that differences 
in the direction and amount of the condylar growth can arise 
in response to changes in maxillary length, and that the lower 
dental arch can be controlled through the continuously chang-
ing reference inputs of the upper dental arch. In DFA, the angle 
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Table 4. Intragroup comparison of the cephalometric measurements between the sexes using with Mann Whitney U test

   Female     Male

                   Open Bite (n:35)                   Control (n:35)                       Open Bite (n:15)              Control (n:15) 

 Mean ±SD Mean ±SD p Mean ±SD Mean ±SD p

Chronological Age (year) 17.87 3.16 16.08 2.17 0.057 17.35 2.93 17.44 2.26 0.719

Standard Cephalometric Measurements

SNA (°) 79.2 4.3 79.5 4.4 0.841 80.0 3.5 80.7 2.9 0.333

SNB (°) 77.2 4.6 77.3 5.0 0.992 77.3 3.8 78.4 3.0 0.118

ANB (°) 2.0 1.3 2.2 1.4 0.586 2.7 1.1 2.4 1.4 0.464

GoGn/SN (°) 37.4 6.1 38.0 5.0 0.664 31.5 4.5 28.0 6.7 0.063

Overjet (mm) 2.66 2.08 2.12 1.98 0.391 3.33 1.31 3.04 1.04 0.657

Overbite (mm) -2.44 1.95 -3.10 2.76 0.561 2.01 1.17 2.57 1.48 0.223

Denture Frame Analysis Measurements

FH/MP (°) 29.7 5.4 31.6 3.8 0.256 23.0 3.9 21.7 6.4 0.618

PP/MP (°) 30.3 5.0 32.3 6.9 0.318 24.5 3.7 18.6 8.9 0.021*

OP/MP (°) 21.3 4.2 23.3 5.9 0.246 13.6 3.5 12.7 5.0 0.438

OP-MP/PP-MP 0.70 0.11 0.72 0.11 0.799 0.55 0.11 0.57 0.17 0.849

AB/MP (°) 65.7 4.7 65.3 6.7 0.865 74.2 3.9 74.6 5.7 0.932

A'-6' (mm) 21.46 2.08 22.56 2.78 0.071 21.25 2.09 20.61 2.44 0.485

A'-P' (mm) 42.09 3.08 44.57 4.35 0.018* 43.80 3.33 45.71 2.93 0.072

A'-6'/A'-P' 0.51 0.06 0.51 0.08 0.899 .48 0.05 0.45 0.04 0.009**

U1-AB (mm) 7.18 2.33 6.72 2.23 0.518 6.55 2.27 5.77 2.11 0.216

U1/AB (°) 29.9 6.3 31.9 7.4 0.304 29.6 7.4 27.1 7.1 0.379

L1-AB (mm) 5.35 5.20 4.51 1.83 0.657 3.25 1.81 2.73 1.82 0.285

L1/AB (°) 24.5 6.5 24.3 4.9 0.815 23.0 6.3 19.9 6.2 0.135

Intermolar Angle (°) 167.7 7.5 168.7 5.4 0.832 171.5 6.9 174.5 6.3 0.071

* p<0.05, ** p<0.01; SD: Standard deviation



between the maxillary OP and MP demonstrates the functional 
adaptation capacity of the mandible, while the OP–MP/PP–MP 
ratio shows the ratio of the angle between MP and maxillary OP 
to the angle between MP and PP. Normally, in order to maintain a 
stable OP/MP angle, the mandible changes its position in accor-
dance with the occlusal function. However, the mandible cannot 
adapt to excessive changes in the OP and undergoes posterior 
rotation, increasing this angle. An OP-MP/PP-MP ratio over 0.6 in-
dicates a deviation in the OP that the mandible could not adapt 
to. The increase in this ratio is the suggestive of an open bite (10). 
The evaluation of these parameters in the present study showed 
that OP/MP angle was higher in the open bite group, while the 
OP-MP/PP-MP ratio was 0.71, corroborating Sato’s predictions. 
This ratio was significantly greater for both females and males 
in the open bite group compared to the control group. Celar et 
al. (15) reported an OP-MP/PP-MP ratio of 0.56 and a mean of 0.7 
in open bite, whereas Sato (10) found this ratio to be 0.54 in the 
normal individuals. Although the increase in the angle of the MP 
can affect these values, the results obtained in the present study 
confirm these results and indeed suggest that the mandibular 
position can be affected by the changes in the OP. 

Sato (10) stated that if there is crowding in the posterior jaw, mo-
lars will try to create room through mesialization; if this is not 
sufficient, the molars will sag and cause flattening of the OP. If 
the mandible has growth potential, it can overcome these pos-
terior contacts with growth in the anterior aspect. If it does not 
have enough growth potential, open bite will occur. In DFA, A’–P’ 
distance is evaluated to determine the total length of the maxil-
lary denture base, whereas anterior maxillary base length is eval-
uated by measuring A’–6’. Decrease in total maxillary length and/
or increase in A’–6’ length increases the probability of posterior 
deficiency. A’–6’/A’–P’ ratio represents the proportion of the an-
terior base (from anterior teeth to first molar) within the entire 
maxillary dental arch. Higher ratio indicates shorter posterior re-
gion and potential need for space. In our study, when these mea-
surements were analyzed, we observed that A’–P’ distance was 
shorter and A’–6’/A’–P’ ratio was higher in individuals with open 
bite. This indicates that posterior arch length deficiency, particu-
larly at the distal of the first molars in anteroposterior dimension, 
can indeed be present in individuals with open bite. According 
to Sato and Suzuki (25), one of the reasons for superiority of DFA 
is that it can facilitate differential diagnosis and guide the de-
cision to perform tooth extraction in cases of tooth-to-denture 
base discrepancy. Similarly, Celar et al. (15) stated that this ratio 
can be used to determine whether to perform molar distalization 
or tooth extraction to resolve tooth crowding. Kim (26) reported 
that in patients with steepened mandibular and palatal planes 
and relatively reduced posterior lower facial height, the molars 
become mesially inclined and their contacts prevent the contact 
of the anterior teeth. They stated that tooth straightening and/
or extraction is required to eliminate this blockage. According 
to DFA, molars are the most stable centric stops when forces are 
applied vertically. However, in cases of posterior crowding, mesi-
al tipping of the molars is observed. This tipping causes the an-
gle between the molars to decrease (10, 11). In accordance with 
these studies, our evaluation demonstrated smaller intermolar 
angle in the open bite group compared to the control group. 

Other dentoalveolar measurements that were used in our study 
and indicate incisor position were also based on DFA. Accord-
ingly, we assessed the distance and angle of the maxillary and 
mandibular incisors to the AB line. The measurements revealed 
only protrusion of the lmandibular incisors in the open bite 
group compared to the control group. However, an important 
point to consider regarding these measurements is that the re-
sults may be affected by the positions of skeletal points A and 
B. In individuals with open bite, it must be kept in mind that 
with the posterior rotation of the mandible, point B may be 
positioned more posteriorly, which may give the impression of 
mandibular incisor protrusion. We believe the measurements 
that evaluate tooth positions independent from skeletal varia-
tions may be more useful than the dental measurements per-
formed in this analysis. 

CONCLUSION
Null hypothesis was rejected. Our results suggest that there may 
be a close association between OP inclination and mandibular 
position in individuals with open bite, and that open bite may 
arise due to maxillary denture base deficiency, particularly in the 
posterior region. 

Accordingly, DFA can be useful in the differential diagnosis of 
open bite and in treatment planning, particularly when deter-
mining the need for tooth extraction. However, drawbacks such 
as lack of soft tissue visualization and inadequacy in determining 
tooth positions require DFA to be used in combination with oth-
er analyses.
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