
Mædica  - a Journal of Clinical Medicine

Original paperOriginal paper

257Maedica

MAEDICA – a Journal of Clinical Medicine

https://doi.org/10.26574/maedica.2023.18.2.257

  

A Journal of Clinical Medicine, Volume 18, No. 2, 2023

A Cone-Beam Computed 
Tomography Assessment of the 
Relationship between Incisal and 
Condylar Guidance
Luminita OANCEAa, Ina MUNTEANUa, Andrei MACRISa, Sergiu RADULESCUa,  
Toma CIOCANb

aDepartment of Prosthodontics, Faculty of Dentistry,  
“Carol Davila” University of Medicine and Pharmacy, Bucharest, Romania
bDepartment of Prosthetics Technology and Dental Materials, Faculty of Dentistry,  
“Carol Davila” University of Medicine and Pharmacy, Bucharest, Romania

Address for correspondence:
Dr. Sergiu Radulescu
Tel.: +40732477977; email: studies.stoma@gmail.com 
Dr. Andrei Macris 
Tel.: +40723458619; email: andrei.macris @ gmail.com

Article received on the 16th of May 2023 and accepted for publication on the 28th of June 2023

ABSTRACT
The success of complex prosthodontic treatment is believed to be conditioned by condylar path replication 

in the articulator, as there is a continuing debate in the scientific community regarding the anatomical 
relationship between joint and dental morphology. The purpose of this study was to investigate the potential 
correlation between incisal and condylar guidance. The study population consisted of 20-30-year-old full 
dentate individuals with Angle class 1 occlusion, whose cone-beam computed tomography (CBCT) scans 
were analyzed by two investigators. The anterior slope of the right and left glenoid fossa angle and the 
palatal slope of all maxillary frontal teeth were measured by software tools at three defined landmarks, and 
the mean values were calculated. Statistical analysis was performed using IBM SPSS Statistics software 
(version 19.0), and the Pearson r coefficient test was used to assess correlations. The results reveal a highly 
statistically significant correlation between median condylar slopes and between median incisal slopes of 
the anterior teeth, on the left and right side, in the three standard areas (p<0.01). However, no significant 
correlation was found between the condylar slopes and the incisal slopes of the anterior teeth (p>0.01) in 
class 1 Angle subjects. In conclusion, this study did not provide evidence to support the existence of a 
significant correlation between incisal and condylar guidance in the population under investigation.
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INTRODUCTION

The replication of condylar path in the 
articulator is considered to be influen-
tial factor in determining the success of 
prosthodontic treatment (1, 2). This in-
clination is measured in degrees with 

normal values between 30˚ and 60˚ (3). It is 
classified as a steep slope below the lower limit 
and as a flat slope above the upper limit (4). The 
inclination of the articular slope varies indivi
dually and dictates the direction but also the de-
gree of rotation of the disc above the condyle (5) 
during functional movements. The steep inclina-
tion of the articular tubercle facilitates the pre
sence of longer cusps and deeper fossae in the 
posterior teeth, along with less concavity on the 
palatal surfaces of the anterior teeth. This is due 
to a rapid separation occurring in the molar re-
gion during mandibular movements. Conversely, 
a flat articular tubercle necessitates shorter cusps 
and shallower grooves in the posterior teeth. Re-
search also indicates that the influence of the in-
cisal slope on dynamic interocclusal relationships 
during propulsion and lateral movements is 
twice as significant as that of the condyle. In-
creased overbite and decreased overjet corres
pond to longer cusps and deeper fissures (6).

The inclination of the anterior wall of the gle-
noid fossa can be measured  radiographically, 
using a jaw movement recording device, or with a 
protrusive interocclusal bite registration method 
(7). Several techniques have been employed to 
assess the angle of the articular eminence, inclu
ding skull measurements (8-10), conventional 
X-rays (11), traditional tomography (3, 12), and 
magnetic resonance imaging (MRI) (13, 14), com-
puted tomography (CT) (15, 16). Cone-beam CT 
(CBCT) was recently introduced in the diagnosis 
of dental and bone lesions, having the advantage 
of a reduced scanning time and a low radiation 
dose compared to the conventional one (17, 18).

Historically it has been stated that the incisive 
guidance is related to the anterior wall of the gle-
noid fossa (19), and some studies' results (20, 21) 
have highlighted that there was a relationship be-
tween anterior controlling factor (incisal guidance) 
and posterior controlling factor (temporo-man-
dibular joint structure) (22). According to Dawson 
et al (23), the anterior guidance is associated with 
the motion of the early condylar movement and 
may be linked to the size and path of the condyle 

and fossa. In the Hanau quint, the incisal gui
dance has an inverse correlation with the condy-
lar inclination (24). Other studies established a 
relationship between the sagittal condylar gui
dance (SCG) and the disclusive angle of the IG led 
to the formula (25): SCG + 5 = IG. However, 
there are authors who claim that there is no cor-
relation between the path of the condyle and the 
anterior incisal slope (26-28). Their therapeutic 
recommendation is reconstruction of anterior 
maxillary teeth in line with aesthetics, anatomical, 
and phonetic criteria (26).

Because the existence of an anatomical corre-
lation between joint and dental morphology is still 
a subject of debate in the scientific world and 
there is limited literature on the subject (27, 29), 
the aim of this study was to investigate whether 
there is a statistically significant correlation be-
tween the degree of inclination of the articular 
tubercle slope and that of the upper front teeth 
when compared to a horizontal reference. q

MATERIALS AND METHODS

Study participants 
The measurements were performed retrospec-

tively on closed-mouth CBCT records of 64 class 1 
Angle full dentate subjects in the maxillary frontal 
area, with an equal number of women and men, 
aged between 20 and 30 years. This interval was 
chosen because previous studies by Sulün et al 
confirmed that the articular eminence reaches its 
full size between 21 and 30 years of age in healthy 
patients and decreases after the age of 31 (30). 
The radiological exams were selected from a pri-
vate dental clinic database, where written consent 
for use in scientific purposes was obtained from 
every subject. The CBCTs were obtained for va
rious clinical purposes, including impacted tooth, 
extraction of third molar, dental implantation, and 
other clinical examinations. The exclusion criteria 
for our study comprised subjects with joint, peri-
odontal or systemic pathology, orthodontic treat-
ments, history of facial trauma,  dental anomalies 
such as crowding in the frontal area, facial or den-
tal asymmetries.

Study protocol 
The midfacial region of each participant was 
imaged using a CBCT scan performed by the 
same operator using a consistent unit (Carestream 
Kodak 9300C; Kodak). The patient was placed in 



259Maedica
  

A Journal of Clinical Medicine, Volume 18, No. 2, 2023

a horizontal position so that the Frankfort horizon-
tal plane was perpendicular to the table, with 
their head within the circular gantry housing of 
the X-ray tube to obtain a consistent orientation of 
sagittal images.

Using appropriate software (Planmeca Rome
xis) and a 21.3” monitor at a resolution of 
1280x1024 pixels, the patient's head scan was 
verified and corrected, in some cases, to be posi-
tioned based on the Frankfort plane (Po-Or) per-
pendicular to the sagittal midline previously lo-
cated in the axial viewpoint opisthion (Op) and 
crista galli (Cg) (Figure 1). Sections were obtained 
at the level of the condylar head, perpendicular to 
its long axis, with axial orientation. These sections 
had a width of 200 mm, and a thickness of 1 mm, 
and were spaced at intervals of 2 mm. The porion 
and orbitale were identified, and the Frankfort 
horizontal plane was constructed. In the next 
step, a second line was drawn, following the pos-
terior inclination of the articular eminence (AE), 
connecting the most concave (highest, deepest) 
point on the glenoid fossa to the most convex 
(lowest) point on the apical section of the articular 
eminence (AE). Condylar inclination angles for 
both sides were obtained by measuring the angle 
between the Frankfort horizontal plane and the 
second constructed line for each participant, 
using a method previously used in other studies 
(2, 31, 32).

The measurements at the joint level were 
quantified in three areas represented by the exter-
nal condylar pole (Figure 2), the middle portion of 
the condyle (Figure 3), and the internal condylar 
pole for each subject (Figure 4).

The angle of inclination of the palatal slope 
was measured using the implants module of the 
software. The axis aligned with the Frankfort plane 
was lowered to the cingulum portion of the tooth 

Relationship between Incisal and Condylar Guidance 

FIGURE 1. Adjusting the image in the three planes, respecting the parallelism between the axial 
plane and the Frankfort plane

FIGURE 2. Example of the measurement of the inclination of 
articular slope angle at the level of the external pole on the left 
side on a sagittal section using the angle measurement tool in 
the Romexis Software

FIGURE 3. Example of the measurement of the inclination of 
articular slope angle at the level of the central part of the left 
condyle on a sagittal section using the angle measurement tool 
in the Romexis Software

FIGURE 4. Example of the measurement of the inclination of 
articular slope angle at the level of the internal pole of the left 
condyle on a sagittal section using the angle measurement tool 
in the Romexis Software
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being measured, and the angle was measured be-
tween this line and the line connecting the incisal 
edge to the cingulum (Figure 5). The teeth inclu
ded in the study are 13, 12, 11, 21, 22, and 23, 
and the measurements were taken in the sagittal 
plane at three points (mesial, central, and distal) 
for each tooth in the segment of interest.

Statistical analysis
The measurements were performed twice by a 
single investigator at both the condylar and dental 
levels on the left and right sides. The collected 
data were recorded in a spreadsheet (Microsoft 
Office Excel 2007; Microsoft Corp) and analyzed 
using statistical software (IBM SPSS Statistics, 
v19.0; IBM Corp). Data with normal distribution 
(determined by the Shapiro-Wilk test) underwent 
parametric tests. The Pearson r coefficient test was 
used to test for correlations as appropriate. q

RESULTS

Descriptive analysis of data
In the first step of the study, we performed a 

descriptive analysis of data by calculating the 
mean value of the condylar slope angle at the 
three established landmarks on the right and left 
sides. The mean value was obtained  from the  
two datasets for each measured condylar region 
(Table 1).

The mean value of condylar inclination mea-
sured to the external pole was different by three 
degrees from the left side to the right side and 
similarly for the medial and internal poles.

For the means of the palatal slopes of the up-
per frontals, we calculated the arithmetic mean of 
the three determinations for each tooth and then 
the mean on both sets of data (Table 2). The mean 
palatal slope obtained varies at the incisive land-
mark by two degrees left to right, but is similar at 
the canine.

Correlation test between condylar slope angle 
and frontal teeth formed slope angle of the in 
relation to the reference plane (Frankfort), on 
the mean of the two sets of data (Table 3). 
When applying the Pearson correlation test, statis-
tically significant correlations were found between 
measurements. In 58% of cases, the condylar 
slope near the external pole correlated with that 
of the median condylar portion on the right side, 
with a highly significant correlation of p<0.01. In 
45% of cases, the condylar slope next to the exter-
nal pole correlated with that of the median con-
dylar pole on the right side, with an intensely sig-
nificant correlation of p<0.01. The slope of the 
median condylar portion on the right side corre-
lated with the slope of the internal pole on the 

TABLE 1. Mean of both data 
sets for external pole (EP), 
medium pole (MP), and 
internal pole (IP) on the left 
and right sides

FIGURE 5. Example of the measurement of the inclination 
angle of the palatal slope of tooth 11 in the sagittal plane at the 
mesial, central and distal point using the implant module of 
the Romexis Software. The axis aligned with the Frankfort 
plane is lowered to the cingulum, and the angle is measured 
between this line and the one joining the incisal edge to the 
cingulum.
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right side in 50% of cases. The mean slope of the 
11th tooth correlated with the mean slope of the 
12th tooth in 43% of cases, and with the mean 

slope of the 13th tooth in 46% of cases. The mean 
slope of the 12th tooth correlated with the mean 
slope of the 13th tooth, in addition to the 11th 
tooth, in 65% of cases with a highly significant cor-
relation of p<0.01.

No significant correlation was found between 
the condylar slopes and the incisal slopes of the 
front teeth on the right side.

The Pearson correlation analysis continued 
with the benchmarks from the left side, based on 
the mean of the two data sets (Table 4).

According to the analysis, the following mea-
surements showed a correlation at the level of the 
left condyle: in 52.2% of cases, there was a strong-
ly statistically significant correlation of p<0.01 be-
tween the slope of the external pole and the me-
dian condylar slope. Also, in  37.7% of cases there 
was a strongly statistically significant correlation 
(p<0.01) between the slope of the external pole 
and the slope of the median pole. There was a 
strongly statistically significant correlation 
(p<0.01) in 71.8% of cases between the slope of 
the median pole and the slope of the internal 
pole, and in 42.3% of cases with  the mean slope 
of 23; in 74.1% of cases between the mean slope 
21 and the mean slope 22; in 55.2% of cases be-
tween the mean slope of the 22nd tooth and the 
mean slope of the 23rd tooth.

No significant correlation was found between 
the condylar slopes and the incisal slopes of the 
front teeth on the left side.

Correlation test of the measurements at the  left 
and right homologous landmarks (Table 5)
When considering the mean of the two determi-
nations, highly significant correlations were found 

TABLE 2. Mean angle values were 
measured for the palatal slope of the 
teeth on both data sets. For each tooth, 
the mean of the angle measurement was 
calculated and then the mean was 
obtained for both sets of data  
(t11mean = mean angle value for tooth 
11, t12mean = mean angle value for 
tooth 12, t13mean = mean angle value 
for tooth 13, t21mean = mean angle 
value for tooth 21, t22mean = mean 
angle value for tooth 22, and  
t23mean = mean angle value for  
tooth 23)

TABLE 3. Pearson correlation between the condylar angles and  
palatal dental angle values on the right side (EP=external pole,  
MP= medium pole, IP= internal pole)
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between the analyzed angles, both on the left and 
on the right. Specifically, there was a correlation 
with R > 0.7 between the angle determined at 
the level of the internal condylar pole and the in-

cisal slope of the lateral incisor. However, the only 
exception was the angle measured at the level of 
the external pole, where asymmetries were high-
lighted in the measured sagittal plane. Regarding 
the possibility of correlating the condylar slopes 
with the incisal slopes on the mean of the datas-
ets, no statistically significant correlations could be 
established on either the right or the left.

Correlation test between  mean values of the 
left-right measurements at the condylar and 
dental level (Table 6)
Upon analysis, results show that there is an in-
tensely statistically significant correlation between 
the mean angle of the external pole of the articu-
lar eminence and the mean angle of the median 
pole in 62% of cases, and in 44% of cases with the 
internal pole, between the mean angle of the me-
dian portion of the articular eminence and that of 
the internal portion in 65% of cases,  between the 
mean palatal slope of the central incisor in 65% of 
cases with that of the lateral incisor, and in 60% of 
cases with that of the canine and between the 

Relationship between Incisal and Condylar Guidance 

TABLE 4. Pearson correlation between the condylar and palatal dental angle 
values on the left side (EP=external pole, MP= medium pole, IP= internal pole)

TABLE 5. Paired test for the correlation between the 
values of the condylar and dental palatal angles on 
the right and left side (EP=external pole, MP= medium 
pole, IP= internal pole)
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mean palatal slope of the lateral incisor and that 
of the canine in 77% of cases.

In addition, the comparison between the right 
and left sides in females and males also showed 
no statistical differences between the means of 
the angles, as corroborated by Wu et al (33). q

DISCUSSIONS

Data from the literature related to the possibi
lity of an association between the value of 

the articular parameters and the morphology of 
the palatal face of the upper front teeth are li
mited. Additionally, there is heterogeneity in the 
measurement method of the temporomandibu-
lar joint in CBCT radiological analysis.

In our study, the difference between the mean 
angle of the condylar slope at the three landmarks 
was between 1-2 degrees, values that according to 
Cimic's study (34) fall within the normal range. The 
mean angle of the condylar slope on the right side 
is 45.71˚, and on the left side, it is 45.06˚, results 
that are close to those obtained in the studies of 
Gysi (1910), Kohno (1987), and Pelletier (1990) (35).

The differences between the inclination of the 
condylar slope on the right and left sides were not 
statistically significant, results that correlate with 
the reports of previous studies (31, 36). El Gheriani 
and Winstanley reported significant differences 
between bilateral condylar slope values, but their 
result can be attributed to the heterogeneity of 
the group in which they had partially edentulous 
or completely edentulous cases (37).

The left-right differences are very small – ap-
proximately 1-2 degrees in homologous teeth – 
and clinically insignificant. However, the values 
obtained are lower than those obtained in previ-
ous studies and  difference between the angle of 
the condylar slope and the angle of the central 
incisor slope is 3.07˚ on the right side and 4.45˚on 
the left side, values much lower than those re-
ported in previous experiments (35).

In our study, there are highly significant corre-
lations between the slopes measured at the three 
levels - external, middle, and internal pole of the 
condyles on the same side, and there are highly 
significant correlations between the right and left 
side of the condyles, except for the external pole 

TABLE 6. The Pearson correlation 
between the mean values of the left-right 
condylar angles and the left-right dental 
palatal angles
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where no correlation can be established. Further-
more, the results show correlations between the 
incisal slopes of the front teeth on the same side, 
incisal slopes of the front teeth on the two sides, 
showing the morphological harmony of anterior 
guidance.

Our analysis could not establish correlations 
between the incisal guidance angle and TMJ ana
tomy. This conclusion contradicts the gnathologi-
cal approach, which suggests that an anterior 
guidance steeper than the condylar guidance is a 
mandatory rule as it eliminates all horizontal for
ces from the posterior teeth. (35, 38, 6). Nonethe-
less, some reports suggest that a steep incisal guid-
ance may cause temporomandibular joint 
malfunction (39) and that the palatal inclination 
slope of frontal teeth influences the movements of 
the condyles, which in turn modifies the growth 
and morphology of TMJ (40). Han et al. demons
trated weak but statistically significant correlations 
between the incisal angle, the size of the condyle 
and glenoid fossa. On the other hand, other stu
dies concluded that the shape variation of the 
fossa and condyle was not related to the occlusal 
plane angle and incisal guidance angle (40) and 
consequently teeth morphology does not affect 
the TMJ formation in young adults (41).

Our conclusion is in accordance with Soto’s 
study, which stated that there is no direct propor-
tional correlation between the angle of the incisal 
guidance and the angulation of the anterior wall 
of glenoid fossa when it is analyzed by 3D Cone 
Beam CT (42). Luca and Manfredini also conclu
ded that there were no differences between the 

features of the glenoid fossa and the upper incisor 
inclination in subjects with different facial types, 
and that there was an absence of clinically rele-
vant relationships between the articular shape 
and incisor inclination (43). However, the age 
range of the population in this study was 18 to 40, 
which is an important factor as the TMJ develops 
between 21 and 23 years old. Following the peak 
of growth and development, which typically oc-
curs around the age of 17, the temporomandibu-
lar joint (TMJ) undergoes gradual adaptations that 
may be influenced by the incisal slope (44).

The limitation of our research is that the mea-
surements of the incisor and condylar guidance 
angle were made in a static state. Further research 
is needed to consider the dynamic aspects and 
other skeletal classes. q

CONCLUSION

Even though the study found several statistically 
significant correlations between the slopes of 

different condylar regions and between the 
mean slopes of different teeth, no significant cor-
relation was found between the condylar slopes 
and the incisal slopes of the front teeth. These 
findings provide important information for un-
derstanding the relationships between different 
aspects of dental anatomy, which can be useful 
in various clinical applications. q 
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