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ABSTRACT

Introduction: all orthodontic treatments must be safe in terms of temporomandibular joint health. No reports 
in the recent literature evaluate the association between the use of posterior bite turbos and condylar position 
changes. The aim of the present study was to evaluate condylar position changes occurring after three-month 
treatment with posterior bite turbo in patients from the Dental School of the Universidad del Valle. Methods: 
a sample of 15 hyperdivergent patients was randomly distributed into two groups: Bite Turbo and Control 
Group. Cone-Beam Computed Tomography (CB-CT) was used to assess the condyle position before the bite 
turbos bonding to first and second molars, and after three months of use of the appliances. Distances were 
taken from the CB-CT by a single operator, and the calibration was tested with intraclass correlation (> 0.9). 
Results: no statistical difference between the position of left and right condyles was detected. However, there 
was a significant difference in the upper space of the left condyle between the initial and final measurement. 
Patients reported satisfactory use of the occlusal bite turbo (85.8%) in three months of treatment. Conclusion: 
contrary to the expected, the simultaneous use of posterior occlusal appliances with balanced mandibular 
movements for 3 months did not cause significant changes in condylar position. The patients tolerate well the 
use of occlusal stops.
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RESUMEN

Introducción: todos los tratamientos de ortodoncia deben ser seguros con respecto a la salud de las 
articulaciones temporomandibulares. La literatura reciente no reporta estudios en los que se evalúe la 
asociación entre el uso de topes de mordida posterior y cambios de posición condilar. El objetivo del presente 
estudio consistió en evaluar los cambios de posición condilar que se produjeron después de tres meses de 
tratamiento con tope de mordida posterior en pacientes de la Facultad de Odontología de la Universidad 
del Valle. Métodos: la muestra de 15 pacientes hiperdivergentes se distribuyó aleatoriamente en dos grupos: 
Bite Turbo y Grupo control. Se utilizó tomografía computarizada de haz de cono para evaluar la posición del 
cóndilo antes de la unión de los topes de mordida a los molares primero y segundo, y después de tres meses 
de uso de los dispositivos. Las distancias fueron tomadas en el tomógrafo por un solo operador, y la calibración 
se probó con correlación intraclase (> 0.9). Resultados: no se detectó ninguna diferencia estadística entre la 
posición de los cóndilos izquierdo y derecho. Sin embargo, hubo una diferencia significativa en el espacio 
superior del cóndilo izquierdo entre la medición inicial y final. Los pacientes notificaron un uso satisfactorio del 
bite turbo oclusal (85,8%) después de tres meses de tratamiento.  Conclusión: contrario a lo que se suponía, 
el uso simultáneo de aparatos oclusales posteriores con movimientos mandibulares equilibrados durante 3 
meses no causó cambios significativos en la posición de los cóndilos. Los pacientes toleran bien el uso de 
topes oclusales.
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INTRODUCTION

The human temporomandibular joint (TMJ) 
has been described by many authors1-4 as 
a unique kind of joint because of several 
reasons: 1) the articular surface is covered by 
fibrocartilage instead of hyaline cartilage. 2) 
It functions as two independent articulations 
with coordinated complex movements. 3) 
There is a notorious difference among the 
components. 4) Movements are affected 
by contacts between dental surfaces, and 
5) The fibrous cartilage surrounding the 
mandibular condyle divides the joint into 
two areas: upper and lower.

The relationship between glenoid fossa 
and mandibular condyle has been studied 
by many authors,5-8 who consider that the 
ideal condyle position is one that provides 
enough muscle relaxation, occlusal stability, 
and absence of discrepancies with the 
glenoid fossa. It is considered that condyle 
discrepancies over 4 mm may induce 
temporomandibular disorders.9 

The use of anterior bite turbos or occlusal 
stops in molar teeth is a common practice 
in current orthodontic treatments,10 when 
enhancing vertical dimension is necessary 
to release the occlusion during orthodontic 
movement, thus reducing treatment time.11-14

There is evidence9,15 that occlusal interfe-
rences are not the actual factors inducing 
temporomandibular disorders, but they 
play a secondary role in their multifacto-
rial development.9 Only increased overjet 
is considered as an occlusal risk factor for 
articular disfunction.16,17 while systemic fac-
tors such as stress and emotional status are 
more relevant risk factors.12,13,18 

The aim of this study was to evaluate 
condylar position changes related to the 
use of Bite Turbo fixed appliances in adult 

patients’ molar region during three months 
of treatment, compared with healthy 
orthodontic patients, using Cone-Beam 
Computed Tomography (CB-CT).

METHODS 

The project was designed as a case-control 
study. After standard clinical diagnostic 
exam of TMD, the patients were informed 
about the study benefits, risks, and treatment 
alternatives, and they were asked to sign an 
informed consent. 

The inclusion criteria were patients up to 
18 years of age who had completed their 
skeletal growth. The patients must have 
dolichofacial biotype, positive overjet or 
edge to edge relationship, positive overbite 
or anterior open bite, and Class I and II 
molar relationship. The exclusion criteria 
were patients with temporomandibular joint 
disorders (TMJD), with no previous TMJ or 
maxillofacial surgery, no muscle or TMJ pain, 
deep bite and anterior crossbite. Pregnant 
patients were also excluded.

The study started with 34 patients, but 19 
were excluded per the exclusion criteria: 
10 had an initial TMJD, 8 refused to 
participate, and 1 did not show up for the 
second tomography. Therefore, the study 
was completed with 15 patients: 7 in the 
experimental group and 8 in the control 
group. The whole sample included 9 women 
(60%) and 6 men (40%). The average age of 
participants was 25.93 ± 8.54 years.

Two tomographic images were obtained 
for each patient. 6 spaces (3 for each side) 
were measured in mm in each image. 
Each patient was identified with a four-
digit code: two in order of arrival and two 
according to gender (01 female, 02 male). 
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They were randomly allocated to either the  
experimental or the control group, and  
the first tomographic register was taken (T

1
). 

The second tomography was obtained three 
months after the insertion of appliances (T

2
). 

In addition, a satisfaction test was applied to 
the patients.

The TMJ measurements were obtained 
using CB-CT (I-CAT 17-19 [Imaging Sciences 
International], model 1-10-1-0 serial 
ICU080600). The subjects were placed in 
standing position, with their heads in natural 
position. The software (I-CAT Vision Q, 
Brea, CA - USA) was used to obtain images 
of the sagittal section of the condylar head 

by bisecting the long axis of the condyle in 
the vertical plane. The true horizontal line 
was used as reference to obtain the linear 
measurements of the articular space, taking 
the uppermost point of the auditory meatus 
and the upper point of the glenoid fossa. The 
upper joint space was the distance between 
the most superior condyle point to the most 
superior aspect of the glenoid fossa. Lines 
tangent to the most prominent anterior and 
posterior contacts of the condyle were drawn 
from the superior aspect of the glenoid fossa. 
Perpendicular distances from the anterior 
and posterior tangents points of the condyle 
to the anterior and posterior points of the 
fossa were measured (Figure 1).19

Figure 1. A patient’s CBCT. The true horizontal line was taken as a reference to establish condyle position in the glenoid 
fossa. 2 is the upper articular space, 5 is the anterior articular space, 6 is the posterior articular space

Source: by the authors

Bite turbos (occlusal stops) made from 
prefabricated minimolds (minimolds®, Ortho 
Technology®, USA) of lower permanent first 

and second molar teeth were used in the 
experimental group. The protocol to adhere 
bite turbos included hydrogen peroxide 
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prophylaxis, 37% orthophosphoric acid 
demineralization for 20 seconds, rinsing 
for 20 seconds, drying with triple syringe, 
adhesive application, polymerization for 20 
seconds, resin filling of the prefabricated 
mold and polymerization, lifting the posterior 
occlusion by 2 mm.

The protocol was approved by the Ethics 
Committee and classified as an over-the-
minimal risk study.

The statistical analysis included tests for 
operator’s calibration (intraclass correlation 
> 0.9), Mann-Whitney and Wilcoxon tests for 
group comparison and T

1
 vs T

2
 comparison 

of measurements.

RESULTS

The results in both groups (control and bite 
turbo) yielded no significant differences in 
all the articular measurements in T

1
 (anterior, 

upper, and posterior articular spaces). These 
results explain the similar distribution in both 
samples (figure 2).

Figure 2. Box plot for the right upper articular space at T
1
 

and T
2
 in both groups

Source: by the authors

The control group did not show significant 
differences between T

1
 and T

2
 in any of the 

variables measured (Table 1). 

Table 1. Results per group. Comparison of time changes 
between T1 and T2 by Wilcoxon test

Control Group

T
1

T
2 P value

Average ± SD Average ± SD > |z|

Right  anterior space 1.89 ± 0.59 2.04 ± 0.47 0.21

Left  anterior space 2.21 ± 0.79 2.06 ± 0.67 0.33

Right  upper space 2.69 ± 0.83 2.63 ± 0.78 0.88

Left upper space 2.81 ± 0.70 2.84 ± 0.60 0.94

Right posterior space 2.32 ± 0.87 2.09 ± 0.69 0.57

Left posterior space 2.09 ±1.05 2.03 ± 0.48 0.73

Bite Turbo Group

T
1

T
2

P value 
> |z|

Right anterior space 2.00 ± 0.50 2.21 ± 0.80 0.26

Left  anterior space 1.70 ± 0.66 1.95 ± 0.60 0.15

Right upper space 2.29 ± 0.78 2.43 ± 0.94 0.26

Left upper space 1.75 ± 0.25 1.54 ± 0.22   0.03*

Right posterior space 2.08 ± 0.59 2.21 ± 0.62 0.67

Left posterior space 1.75 ± 0.19 1.81 ± 0.27 0.26

Source: by the authors

On the other hand, the difference between 
T

1
 and T

2
 in the bite turbo group was not 

significant, except for a significant change 
in dimensions of left upper articular space  
(p = 0.0283) (Table 1). 

The left upper articular space had significant 
differences when a comparison was made 
between both groups (Mann-Whitney test: 
p = 0.004 probability). They had a difference 
of 1.00 mm with the Wilcoxon pair test 
(Figure 3).
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Figure 3. Box plot for the left upper articular space at T
1
 and 

T
2
 for both groups

Source: by the authors

Patients using bite turbo reported the 
experience as completely satisfactory in 
42.9% (n = 3) and satisfactory in 42.9% (n = 3),  
while 14.3% (n = 1) considered the use of 
bite turbo as indifferent. The most relevant 
negative outcome reported by patients was 
masticatory difficulty, reported by 42.9% 
of them. However, 85.7% reported that if 
necessary, they would use the appliances 
again (Table 2).

Table 2. Level of satisfaction with the use of bite turbo

Bite turbo group

%

Esthetic Compromise
No 100.0
Yes 0.0

Use bite turbo again
No 14.3
Yes 85.7

Oral hygiene difficulty
No 100.0
Yes 0.0

Communication difficulty
No 85.7
Yes 14.3

Masticatory difficulty
No 57.1
Yes 42.9

Satisfaction score

Completely Unsatisfactory 0.0
Unsatisfied 0.0
Indifferent 14.3
Satisfactory 42.9

Completely Satisfactory 42.9

Source: by the authors

DISCUSSION

The use of CBCT to obtain reliable 
measurements of condylar changes in the 
mid-term (3 months) is a great advantage of 
the present study. But there are two obvious 
limitations in the study: a small number of 
patients and the short follow up period. 
Due to the small number of participants 
per group, it was necessary to apply non-
parametric tests (Wilcoxon, Mann-Whitney) 
to analyze the results. The only significant 
change in condylar position was the vertical 
position of the left condyle, which after 
three months of bite turbo use was 0.22 mm 
higher. 

The participants had a dolichofacial skeletal 
biotype, which is the most susceptible 
to condylar horizontal and vertical 
changes.20 Therefore, it can be suggested 
that hypodivergent patients, due to their 
adequate muscular and ligamentous stability, 
do not tend to present changes in condylar 
position with the use of bite opening occlusal 
appliances,20 but it is necessary to complete 
the study in larger samples that include other 
facial biotypes.

In hyperdivergent patients, it has been 
reported a condylar deflection that tends 
to place the TMJ ligament in a more stable 
occlusal position.9 In the present group of 
patients there was no molar fulcrum, as the 
appliances were prepared and adjusted to 
obtain simultaneous contacts of the same 
intensity in first and second molars in order 
to achieve better occlusal stability. Therefore, 
considering the mid-term results obtained, it 
is possible to conclude that no significant 
deleterious changes in the condyle will 
occur. 

During the masticatory activity, the 
mandibular dynamics shows mandibular 
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rotation in the sagittal plane, as reported 
by in-vitro studies. This bending is probably 
generated by vertical components of 
muscular force and by the condylar reaction 
to the biting force. The magnitude of sagittal 
mandibular rotation depends on the site and 
magnitude of the force applied to generate 
the fulcrum. But the masticatory dynamics 
is different as the pattern of rotation 
incorporates a balance side and a working 
side, producing torsion and transversal 
rotation.21 

In the cases treated with bite stops there was 
no de-cementation of the appliance. Therefo-
re, during the masticatory function there was 
apparently a balance between the balance 
side and the working side, as all the patients 
reported balanced masticatory activity.

Various studies report the incidence of 
temporomandibular disorders in hyperdi-
vergent patients, and that tendency might 
be in part responsible for the absence of 
those cases in the present groups, which 
excluded patients with TMJ symptoms or 
under treatment. This differs from the study 
by Nebbe and Major, which included most-
ly female patients with TMJD.22 During the 
present study, a bite turbo patient presen-
ted articular noises and discomfort in the 
articular zone, but when the appliances 
were removed the patient returned to the 
initial healthy situation.

In another pilot study conducted at the 
Universidad del Valle1, condylar changes 
after use of bite turbos in the palatal 
side of upper incisors for six weeks were 
not significant either. The present study 
differs from that pilot study because of the 
significant vertical change observed in the 
left side after a longer follow up period.

1 Graduate thesis by Dr. Germán Eduardo Puerta Salazar. 
Unpublished. 

The lack of significant changes in condylar 
position in the present study may be 
explained by the location of the stops in 
first and second molars, with simultaneous 
contacts during mouth close and freedom for 
eccentric movements. Biomechanically, the 
stops were located before the line of action 
of elevator muscles, a situation that does not 
affect the fulcrum during mandibular closure. 

This study did not evaluate the transversal 
conditions that could possibly affect the 
temporomandibular joint, as the main objec-
tive was to evaluate the sagittal plane; never-
theless, further studies are recommended to 
evaluate the possible changes on the coro-
nal plane of the TMJ.

We suggest further research in this field, 
verifying if the vertical differences in the left 
TMJ could be clinically relevant in a longer 
period of time.

CONCLUSIONS

Contrary to what was expected, the 
simultaneous use of posterior occlusal 
appliances with balanced mandibular 
movements for 3 months did not induce 
significant changes in condylar position. 
The occlusal stops in first and second molar 
teeth are located before the masseter and 
medial pterygoid muscles, so the mandible 
mechanic behavior should not change, as it 
is not altering condylar position. The patients 
tolerated well the use of occlusal stops.
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