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ABSTRACT
Objectives: Application of Hanau formula on Saudi population to determine Bennett angle, may help eliminate current 

uncertainty about its validity. To assess the applicability of Hanau formula to Saudi Population. 
Materials and Methods: This study incorporated 30 students (15 males and 15 females) with mean age of 19.7 (± 1.5) years 

old. Horizontal condylar angle, calculated Bennett angle and measured Bennett angle were recorded. Comparative evaluation 
was done for the recorded values. 

Results: The calculated Bennett angle values obtained using Hanau formula ranged from 15.1 to 18 degrees, while those for 
measured Bennett angle were within the range of 10-17 degrees. Statistical analysis showed that calculated Bennett angle and 
measured Bennett angle had high statistical correlation (P < .05). 

Conclusions: No correlations were observed to exist between calculated and measured Bennett angles. Consequently, Hanau 
formula is not useful as a true predictor of Bennett angle among Saudi population.

Clinical implications: Application of Hanau formula is helpful to estimate Bennett angle. However, this formula should be 
validated before being used for a tested population. Therefore, it might be reasonable to test whether Hanau formula is suitable 
to estimate Bennett angle among Saudi population as this may help eliminate current uncertainty about the validity of this for-
mula.
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INTRODUCTION

The main goal of dental prosthesis is to reconstruct patients' denti-
tion in harmony with mandibular border movements and to restore 
patient's dentition in function and form. However, the veracity of a den-
tal prosthesis is reliant on suitability of treatment plan as well as accura-
cy of teeth preparation, taking teeth impression, recording mandibular 
movements, recording centric occlusion and relation, and selection and 
setting of a dental articulator. 

It is well understood that horizontal and lateral condylar inclinations 
have great influence on tooth morphology1). Horizontal condylar inclina-
tion was found to be in proportion with cusp height. Increased horizon-
tal condylar inclination would result in an increase of the cusp height 
and vice versa, whereas the effects of immediate side shift and progres-
sive side shift would affect the grooves direction and grooves-cusps 
relations1). 

The exchange of articulator geometry to the patient minimizes the 
quantity of individual parameters required to emulate jaw movement to 
the condylar and Bennett angles. This prompts a critical simplification 
in registration and cast transfer2). Failure in recording the correct rela-
tions and angles may prompt spending extra time during fabrication and 
intraoral occlusal modifications at the insertion of fixed restorations3). 
Furthermore, altering occlusal guidance is considered one of the factors 
that might initiate temporomandibular joint dysfunction syndrome4).

It is obligatory that the dental casts be positioned on an articulator 
in the similar relationship to the tempromandibular joint5). A facebow 
registration is crucial to accurately mount a maxillary cast on an articu-
lator with correct mediolateral and anteroposterior relations. A facebow 
registration is mainly dependent on hing axis location. Many researchers 
have described different techniques to locate the true hinge axes6-8). 
However, others have found that 95% of individuals possess a kinematic 
center of rotation within a radius of 5 mm from the arbitrary center9,10).

For prosthetic rehabilitation, the horizontal and lateral (Bennett 
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angle) condylar guidance have a very high gnathological importance11). 
Lundeen and Wirth1) found that the mean value for Bennett angle was 
7.5 degree, whereas Hobo and Mochizuki12) reported a greater variation 
in the value of Bennett angle ranging from 15 to 36 degrees. In 1923, 
Hanau proposed a method to estimate Bennett angle in which the 
Bennett angle is calculated through the following equation L = H/8 + 
12, where L is lateral condylar inclination (Bennett angle) and H is the 
horizontal antero-posterior condylar inclination.

The literature does not contain studies of applicability of Hanau for-
mula for Saudi population. Therefore, the aim of the present study was 
to provide estimates of both horizontal and lateral condylar inclinations 
in a selected Saudi population, and to assess the applicability of Hanau 
equation for Saudi population. Also, the outcomes will be compared 
with the findings acquired from investigations of other ethnic populaces. 
Specific deliberation was given to the sufficiency of this study sample 
with regards to selection criteria, size, and portrayal of the Saudi popu-
lation. The null hypothesis for this study was that there will be no rela-
tion between actually measured Bennett angle and calculated Bennett 
angle using Hanau formula among Saudi population.

MATERIALS  AND  METHODS

Ethical approval for this study was procured from Deanship of 
Scientific Research of Jouf University. Written informed consent was 
obtained from each participant who underwent examination and/or 
impression making. A total of 116 Saudi students attending 8 colleges in 
Jouf University were screened. Both parents of each participant had to 
be Saudi in order to be incorporated in the screening process. Thirty stu-
dents (15 males and 15 females) with mean age of (19.7 + 1.5) met the 
inclusion criteria and were enrolled in the present study. 

In order to be included, the participant should have no systemic dis-
orders which may influence their neuromuscular system and should 
have no complaints in terms of pain or discomfort during the experi-
ment. Also, the subjects should have no signs or symptoms related to 
temporomandibular disorder, should never receive orthodontic treat-
ment, have neither posterior nor anterior teeth cross-bite, and have class 
1 facial profile.

Sample size
Assuming that the sample has an 85 percent power to detect a rela-

tionship between the independent (Horizontal condylar inclination) and 
dependent (Bennett angle) variables at a two-sided 5 percent signifi-
cance level; the number of participants to be incorporated in the present 
study was found to be 30.

Measurements
Alginate impressions (Major; Major Dental Co) were made for both 

maxillary and mandibular teeth of all participants. The impressions were 
poured with hard dental stone (Castone; Dentsuply International Inc.) 
within 30 minutes of taking the impression according to manufacturer's 
recommendations considering the proper storage of impressions until 

they were poured (23℃ in 100% relative humidity). The dental casts 
were prepared and trimmed (Dual Wheel Dental Model Trimmer; 
Dentaurum Inc.) without being soaped or waxed. Facebow (Hanau 
Facebow; Whipmix Inc.) registration was undertaken for each partici-
pant, and the hinge axis was arbitrary located by measuring 12 mm in 
front of the posterior boarder of external auditory meatus on a line from 
the external auditory meatus to the outer canthus of the eye. Then, inter-
occlusal records were taken for each participant using wax (Modeling 
wax, Dentsuply Inc.) including protrusive, left laterotrusive, right lat-
erotrusive and centric occlusal records. 

After that, the articulators (Hanau 96H2; Whipmix Co.) were pre-
pared to accept the casts by setting and adjusting the inclinations of the 
enclosed anterio-posterior condylar track mechanisms at the measured 
angles on each side according to the registered protrusive occlusal 
records. The Bennett angles for the progressive mandibular lateral trans-
lation were measured and detected on the articulator using the laterotru-
sive records, and were also estimated according to Hanau equation (L = 
(H/8) + 12).

Method error
The clinical examination and measurements were carried out by 

MGS and MKAL-O. Dahlberg13) and Houston14) formulas and coeffi-
cients of reliability were used to examine method errors for numerical 
variables in the present study. The error ranged between 0.2 and 0.3 per-
centages, and the coefficient of reliability was above 93 percentages for 
all the measurements, demonstrating good agreement.

Five students were selected randomly, clinical and laboratory mea-
surements were undertaken twice by two clinicians (MGS and 
MKAL-O) on two separate occasions. Inter- and intra- measuring error 
were evaluated as suggested by Dahlberg and Houston13,14). The mean 
errors calculated using Dahlberg's formula ranged from 2 to 4 degrees 
for horizontal guidance inclination measurements and from 1 to 3 
degrees for lateral guidance inclination. These observations demonstrate 
that the errors were limited and improbable to bias the results.

The obtained data was analyzed using the Statistical Package for 
Social Sciences (IBM SPSS v 19.0, IBM Corp).

RESULTS

This study incorporated 30 students (15 males and 15 females) with 
mean age of 19.7 (± 1.5) years old. Table 1 represents the mean value 
and standard deviation obtained for horizontal condylar angle, calculat-
ed Bennett angle and measured Bennett angle.

The t test for independent samples at 95% confidence interval was 
used to determine whether statistically significant difference exists 
between calculated and measured Bennett angle (Table 2). The level of 
significance was set at p = .05. The calculated values obtained using 
Hanau formula ranged from 15.1 to 18 degrees while those for mea-
sured Bennett angle were within the range of 10-17 degrees. Statistical 
analysis showed that calculated Bennett angle and measured Bennett 
angle were significantly different (p < .001) and had no statistical cor-
relation. 

Table 1. Mean, standard deviations, maximum and minimum age, horizontal condylar angle, calculated 
Bennett angle and measured Bennett angle values among the study population (N = 30).

 Age Horizontal condylar angle Calculated Bennett angle Measured Bennett angle

Mean (SD) 20.59 (1.92) 33.47 (5.99) 16.19(0.76) 13.70 (2.09)
Minimum 18 25.00 15.10 10.00
Maximum 25 48.00 18.0 17.00

SD = Standard Deviation

Table 2. Paired samples t test for differences in measured versus calculated Bennett angles 
among the study population (N = 30).

 Paired differences
 Mean (SD) SEM 95% CI 
Pairs   Lower Upper t Sig. (p)

Calculated - measured Bennett angles 2.4933 (1.9601) 0.3579 1.7614 3.2252 6.967 < .001

SD = Standard Deviation, SEM = Standard Error Mean, CI = Confidence Interval, t = t statistics, Sig = Two tailed significance.
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DISCUSSION

The current study showed that the measured and calculated Bennett 
angles were different; therefore, the null hypothesis was accepted.

The applicability and clinical value of Hanau equation has been 
evaluated by numerous researchers2-4,7) utilizing diverse selection crite-
ria. These investigations were applied to populations of various ethnic 
origins to decide whether the equation could be applied to different pop-
ulations. 

The participants in this study were of a single age group selected 
from a random stratified sample that was procured from randomly 
selected colleges at Jouf University. As indicated by the last census 
undertaken in Jouf University in 2015, 40% of Jouf University students 
are from different cities (Deanship of Student Affairs, Jouf University, 
2015). Hence this sample was accepted to be illustrative of Saudi popu-
lation. In this investigation, extraordinary consideration was also given 
to the sample size. The power calculation assured that the number of 
study subjects was sufficient since the total number of subjects incorpo-
rated in the present study outperformed the minimum sample size deter-
mined by the calculation.

To legitimately assess a patient's occlusion, it is compulsory that 
diagnostic casts be placed on an articulator in nearly the similar rela-
tionship to the temporomandibular joints as exists in the patient2). Hanau 
proposed that there was an exact relationship between the horizontal 
inclinations and the Bennett angle15). He found that the Bennett angle 
consistently measured around 15 degrees. 

Up to our knowledge, this is the first study that aimed to assess 
Hanau equation on an Arab population to investigate the validity of 
Hanau formula in estimating the Bennett angel. 

A facebow registration was used to mount the maxillary cast on the 
articulator so that it was properly located both anteroposteriorly and 
mediolaterally. An arbitrary method was used to locate the hinge axis 
which is an acceptable method according to previous literature9,10,15). 
Also, Hanau semi-adjustable articulators were used in this study 
because they are simple to assemble and can be set up relatively quick-
ly. In addition, all alginate impressions were poured within 30 minutes 
to prevent distortion of the impression materials. 

The measured horizontal condylar guidance angle was found to be 
33.47 degrees, and this concurs with the findings of Lundeen16) who 
reported it to be 30.4 degrees, and also comparable to the reported 
results by Santos17) (28.1 to 31.5 degrees). However, Alex18) reported that 
the measured horizontal condylar guidance angle ranged between 30 
and 60 degrees with an average of 45 degrees. These wide variations 
could be explained by investigating different ethnic and age groups.

In the current investigation, Bennett angles were calculated accord-
ing to Hanau formula (L = H/8 + 12) and the mean value was 16.19 
degrees. Meanwhile, the mean for the measured ones was 13.7 degrees. 
This contrast with Fanucci19) who reported that Bennett angle ranged 
between 24 and 27 degrees. This contrast might also be due to investi-
gating different ethnic and age groups.

The findings of this study demonstrated that no correlations exist 
between calculated and measured Bennett angles. This agrees with 
Javid20) who reported significant difference in the means of the condylar 
readings when the Hanau articulator was adjusted depending on measur-
ing the angles utilizing lateral interocclusal records or estimating them 
via Hanau formula. Moreover, Taylor21) indicated that the Hanau formula 
or an arbitrary setting of 15 to 20 degrees does not provide the most 
accurate articulator setting possible. Also, other researchers found sig-
nificant differences between measured and estimated Bennett 
angles15,22,23). However, Hobo12) found the measured Bennett angles to be 
within the range of the estimated ones using Hanau formula. 

This variation between researchers could be explained by ethnic dif-
ferences, edentulous status or age group. Other causes for the contrast 
between researchers might be due to the effects of TMJ anatomy, laxity 
of TMJ ligament, or muscles of mastication.

However, further research on larger sample size, different age 
groups and genders, and/or among participants with TMJ problems 
needs to be carried out. If this holds true, more accurate devices such as 
fully adjustable articulator and kinematic facebow can be used for fur-
ther research. Similar study can be carried out by using computerized 
device to evaluate the Hanau formula on Saudi population.

CONCLUSION

Within the limitations of this study, it was concluded that no cor-
relations did exist between calculated and measured Bennett angles. 
Consequently, Hanau formula is not useful as a true predictor of Bennett 
angle among Saudi population.
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