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The inﬂuence of different registration positions on condyle
displacement in symptomatic patients
Sabine S. Linsen, DrMedDent,a Farina Blattner, DrMedDent,b and Udo Stratmann, DrMedDentc
University of Bonn School of Dentistry, Bonn, Germany; Private Dental Practice, Remscheid, Germany; Danube Private University, Krems, Austria

Objective. This study aimed to evaluate effects of different registration positions on the condyle-disk position changes in the
mandibular fossa in symptomatic individuals.
Study Design. Vertical and sagittal condyle position and thickness of the bilaminar zone were measured by magnetic
resonance imaging during maximal intercuspation (MI) and with jigs in Gothic arch tracing guided centric relation (DIR
method [Dynamics and Intraoral Registration]) and retruded contact position (RCP). Participants were 26 patients seeking
treatment for temporomandibular disorders. Condyle and disk position in the fossa were calculated in the parasagittal plane.
Results. Significant differences were found for MI, DIR, and RCP for thickness of bilaminar zone and sagittal condyle position,
dependent on diagnosis and registration position for vertical and sagittal condyle position and thickness of bilaminar zone.
Conclusions. DIR position ensures the widest posterior space for the retrodiskal tissues and the slightest sagittal difference
between condyle zenith and glenoid fossa. (Oral Surg Oral Med Oral Pathol Oral Radiol 2014;117:312-318)

Temporomandibular disorders (TMDs) constitute a
chronic syndrome consisting of masticatory dysfunction, orofacial pain, or both.1,2 Approximately 25% of
the Western population is said to be affected by
TMDs,3 with only 5% requiring management.4-6 The
etiology appears to be multifactorial and includes
structural overload as well as lack of tissue adaptation.7,8 In addition to physical therapy, medication,
psychological treatment, and, for end-stage temporomandibular joint (TMJ) disease, surgery,5,9 occlusal
splints are one of the most common therapeutic interventions in patients with TMDs.10,11 The advantages
of splint therapy are the noninvasive and reversible
aspects of its application. Nevertheless, its therapeutic
effect has not been clariﬁed. Clinical success of splint
therapy is attributed to several factors; besides a placebo effect, they include alterations of occlusion,
improvement of jaw muscle function, recruitment of
different motor units, and new positioning of the discocondylar complex.12-18 The treatment goal of splint
therapy is to achieve harmonious relationships among
teeth, joints, and muscles. Controversial ideas exist
about the splints’ inﬂuence on the positioning of the
disco-condylar complex.19-22 Likewise, the effects of
different intermaxillary recording positions in different
splint types on the disco-condylar complex are
contentious.14,23-30 A lot of splints are constructed in
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centric relation (CR). To determine CR, different
methods are used. Generally, a distinction is made between manually guided techniques31 and instrumental
methods such as Gothic arch tracing.32
The DIR (Dynamics and Intraoral Registration)
System (Society for Functional Diagnostics DIR System GmbH & Co KG, Essen, Germany) is based on the
Gothic arch tracing method and is obtained electronically and with computer support. The system is masticatory-force dependent. Previous studies comparing
different registration techniques (MI, manual guided
CR, and DIR) in asymptomatic volunteers found that
the DIR method showed the highest reproducibility,33
that the condyle position during DIR was signiﬁcantly
more anteriorly and inferiorly located,33 and, with
respect to muscular balance and activation, that the DIR
position was capable of inducing the greatest motor unit
activity.34
In view of the treatment goal of splint therapy to
inﬂuence the positioning of the disco-condylar complex, the aim of this study was to assess by magnetic
resonance imaging (MRI) the position of joint structures in a group of symptomatic patients in (1) maximal
intercuspation (MI), (2) DIR position, and (3) retruded
contact position (RCP). The hypothesis was that

Statement of Clinical Relevance
The Dynamics and Intraoral Registration (DIR) position proved to fulﬁll the deﬁnition of centric relation
best when compared with maximal intercuspation and
retruded contact position. Intermaxillary registration
with DIR may result in higher occlusal stability and in
a reduction of nonphysiologic condylar loads in patients with temporomandibular disorders.
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different registration positions in symptomatic patients
would result in different positions of the disco-condylar
complex.

MATERIALS AND METHODS
Participants
The study population was composed of 26 patients
seeking treatment for TMDs in 3 private dental ofﬁces
during the period from December 2011 to February
2012. Clinical examination was performed according to
a standardized clinical protocol including evaluation of
patient history, palpation of TMJs and muscles,
auscultation of joint noises, and measurement of
mandibular range of motion according to the Research
Diagnostic Criteria for Temporomandibular Disorders,
German version (RDC/TMD-G).35,36 Three experienced examiners, calibrated to perform all necessary
RDC/TMD-G35,36 evaluations, DIR registration, appliance delivery, and patient follow-ups, performed all
procedures. Criteria for study inclusion were self-report
of facial, joint, or masticatory muscle pain or discomfort and age 18 to 70 years. Exclusion criteria were
diagnosis of other orofacial pain disorders, systemic
diseases (presence of polyarthritis or other rheumatic
disease), or contraindications for MRI recordings
(implanted metal or medical devices, claustrophobia,
tattoos). Informed consent was obtained from all participants, and approval from the ethics committee of
the Rheinische Friedrich-Wilhelms-Universität Bonn
(University of Bonn) was obtained (No. 075/11) for this
study.
MRI technique
MRI was performed with a 1.5-T MR scanner (Symphony; Siemens Medical Solutions, Erlangen, Germany) using a quantum gradient coil (maximum
gradient, 30 mT/m) and a double loop array (63 MHz/
1.5 T). Based on coronal scouts to determine the
midline bilateral proton density, weighted images in the
sagittal plane were taken with the patient in the supine
position using a fast-spin echo sequence (repetition
time, 2000 ms; echo time, 14 ms; ﬁeld of view, 110 
110; matrix, 256  256; slice thickness, 2 mm; interslice spacing, 0.2 mm). MRI of the right and left TMJs
was performed in MI, and with jigs in DIR and RCP in
place. One radiologist performed all MRI examinations
under standardized conditions.
DIR system
The DIR system consisted of a measuring sensor, an
ampliﬁer, and an electronic cross-table automatically
controlled by stepper motors. The stylus was embedded
in the maxillary clutch and could be adjusted vertically.
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The electronic measuring sensor in the mandibular
clutch was combined with a complex ampliﬁer and
recorded mandibular movement (2-dimensional and
interference-free). Mandibular movements during the
registration process were recorded and displayed only
within a predeﬁned masticatory-force range (10 to
30 N). The corresponding Gothic arch was enlarged and
displayed in real time on a computer screen. The
participant controlled the masticatory force via a visual
analog scale. The registration was performed under
manual guidance (passive) into the RCP. The encoding
position for the DIR position was marked by a cursor
on the screen anterior (on the protrusion path) to the
RCP, depending on the circumference of the cranium
(CoC). Values differed from 0.6 mm (53 cm CoC) to
1.23 mm (62 cm CoC). An auxiliary system imported
values of the encoding position directly from the
computer and established a ﬁxation aid on the crosstable. Maxillomandibular encoding (stylus enters ﬁxation aid) with the respective material (Futar D fast;
Kettenbach, Eschenburg, Germany) was performed
under masticatory-force control (10 to 30 N).

Measurement protocol
Patients were clinically examined and given one or
more of the RDC/TMD-G axis I group diagnoses.35,36
Afterward, maxillary and mandibular complete arch
impressions were made with irreversible hydrocolloid
(Alginoplast fast set; Heraeus Kulzer GmbH, Hanau,
Germany) and poured with ADA type IV die stone
(Octa-Stone, Heraeus Kulzer GmbH). A facebow system (Arcus Bogen; KaVo EWL, Biberach, Germany)
was used to mount the maxillary cast cephalically in a
semiadjustable articulator (Protar 7, KaVo EWL). The
mandibular cast was mounted by means of a manually
guided CR record.37 Subsequently, maxillary and
mandibular intraoral Gothic arch tracing clutches were
produced by a prefabricated bearing system (DIR
clutches) and were individualized with autopolymerizing C-plast (Candulor AG, Wangen, Switzerland). The
maxillary clutch was made so that the stylus was
positioned on a line passing between the ﬁrst and
second premolars on each side.
At the next visit, clutches were inserted intraorally,
the measuring sensor was placed in the mandibular
clutch, and the absence of tooth interference in
mandibular horizontal movements was veriﬁed. Gothic
arch tracing was performed as described earlier. Maxillomandibular records were taken in RCP (encoding on
the arrow head) and DIR position. All registrations
were made with the patient seated upright in a chair,
with the back of the chair forming a 90 angle with the
ﬂoor. The participant’s head was positioned so as to
orient the Frankfort plane parallel to the ﬂoor. The
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mandibular cast was remounted in the articulator according to the respective record and lowered to the ﬁrst
occlusal contact. Interocclusal DIR and RCP jigs were
constructed with an addition-curing occlusion registration material (Futar D fast; Kettenbach, Eschenburg,
Germany) with high ﬁnal hardness (Shore D hardness,
43). To compensate for possible effects of the patient’s
supine position during MRI (in terms of a posterior
orientation of the mandible), jigs were designed with
explicit occlusal impressions.

MRI data analysis
To standardize technique, the same investigator performed MRI analysis. The investigator was blinded
regarding clinical diagnosis and registration position.
For determination of the correct layer, bilateral segments were deﬁned between the lateral and middle
condyle pole at horizontal overview pictures. Within
both segments, 17 parasagittal layers with a thickness of
2 mm were determined whose axes lay at right angles to
the longitudinal axis of the condyles (line connecting
right and left condyle pole). The middle layer image
(position 9, between 8 lateral and 8 medial layers) was
used for morphometric evaluation. The distance measurements were performed on laser-printed ﬁgures with
a resolution of 2400  600 dpi, because these results
showed a higher intra- and interindividual reliability in
comparison to results from the morphometric computer
program. The following anatomic parameters were
quantiﬁed by the measurement of the reference lines
(Figure 1) (the abbreviations are deﬁned in the legend
of Figure 1):
1.
2.
3.
4.
5.
6.

Thickness of the bilaminar zone (KH  T2)
Thickness of the posterior band of the disk (D)
Diameter / width of the condyle head (C  KH)
Diameter / width of the articular fossa (W  T1)
Vertical condyle position (ZK  ZF distance)
Sagittal condyle position (ZK  ZF difference)

To fulﬁll the criteria of a physiologic or centric
condyle position, the apex of the condylar head had to
lie in vertical line under the zenith of the glenoid fossa,
and the width of the disk had to exceed 3 mm. Condyle
displacement in the vertical plane to the superior direction (compression) was deﬁned as disk compressions
with cartilage strengths of the posterior band of the
disk less than 3 mm or with proof of an anterior disk
displacement (deﬁned as a joint space of less than
3 mm). Condyle displacement to the inferior direction
(distraction) was deﬁned as an enlargement of the upper
or lower joint space (or both) of more than 0.2 mm.
Changes of the joint space were quantiﬁed by measurement of the vertical distance between the apex of
the condyle and the glenoid fossa (ZK  ZF distance;
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see Figure 1). Condyle displacement in the sagittal
plane to the anterior or posterior direction was quantiﬁed by measurement of the distances between
condyle zenith and glenoid fossa (ZK  ZF difference;
Figure 2). Thickness of the bilaminar zone was
quantiﬁed by measurement of the distance between
the postglenoid process of the condyle and the fossa
(KH  T2; see Figure 1).
For a physiologic disk position (see Figure 1), the
border zone between the disk and bilaminar zone could
not exceed 0.5 mm anterior and 3 mm posterior to the
apex of the condylar head. Anterior or posterior disk
displacement was quantiﬁed by measurement of the
distance between the border zone (posterior band of the
disk and bilaminar zone) and the apex of the condyle
(thickness of the posterior band of the disk).
Statistical analysis
The data from this study were evaluated with IBM
SPSS (version 20.0 for Windows; IBM, Armonk, NY,
USA). Data are shown as means and standard deviations. The within-participant factor registration position was compared by 1-way measures analysis of
variance (ANOVA) with post hoc Bonferroni correction for multiple comparisons and with a ¼ .05.
Multivariate analysis of variance was used for the
measured anatomic parameters (comparison of vertical
and sagittal condyle position [ZK  ZF distance and difference] and thickness of the bilaminar zone [KH  T2])
dependent on the registration position.

RESULTS
MRI was performed in 26 patients (16 women and
10 men). The mean age at the time of MRI was 46.2 
12.1 years (range, 25 to 64 years). Duration of the
disease (ﬁrst diagnosis until MRI) was 57.7 
71 months (range, 1 to 240 months). According to the
RDC/TMD-G guidelines,35,36 8 patients were clinically
diagnosed with group I disorders (muscle disorders),
4 patients with group II disorders (disk displacement),
and 14 patients with both group I and II disorders. No
patient was diagnosed with a group III disorder
(arthralgia, osteoarthritis, or osteoarthrosis).
The results of MRI evaluation are provided in
Table I. The results of ANOVAs indicated no signiﬁcant differences in the vertical condyle position (ZK 
ZF distance) between DIR, MI, and RCP. In the sagittal
plane, DIR led to an enlargement of the retrodiskal area
(thickness of the bilaminar zone; KH  T2) and to the
slightest sagittal difference (ZK  ZF difference) between condyle zenith and glenoid fossa. The results of
ANOVAs indicated signiﬁcantly different thickness
of the bilaminar zone (KH  T2) (P < .05) and sagittal
condylar positions (ZK  ZF difference) (P < .001)
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Fig. 1. Localization of the anatomic reference points and lines in the parasagittal plane by magnetic resonance imaging. (C,
transversal crest at the junction between articular ﬁbrocartilage and bone of the condyle head; D, thickness of the posterior band of
the disk; G, border zone between posterior band of the disk and bilaminar zone; KH, postglenoid process of the condyle head; T1/2,
postglenoid fossa; W, turning point [change in curvature] on the protuberance [between eminence and glenoid fossa]; ZF, glenoid
fossa; ZK, apex of the condylar head.)

among CR, MI, and DIR. Post hoc testing found
thickness of the bilaminar zone (KH  T2) being
signiﬁcantly (P ¼ .043) wider during DIR than during
MI, and sagittal displacement of the condyle (ZK  ZF
difference) being signiﬁcantly smaller in DIR than in
MI (P ¼ .008) or RCP (P ¼ .019).
Using the Pillai trace, there was no signiﬁcant effect
of the registration position on the measured anatomic
parameters (Value ¼ 0.19; F(10,180) ¼ 1.84; P ¼ .056).
Separate univariate ANOVAs on the outcome variables
found signiﬁcant effects for thickness of bilaminar zone
(KH  T2; F(2,93) ¼ 3.91; P ¼ .023) and for sagittal
condyle position (ZF  ZK difference; F(2,93) ¼ 3.54;
P ¼ .033), whereas nonsigniﬁcant effects of separate
univariate ANOVAs were found for vertical condyle
position (ZF  ZK distance; F(2,93) ¼ 0.47; P ¼ .63).

DISCUSSION
The objective of this study was to analyze, by means
of MRI, the effect of various registration positions, such
as MI, DIR, and RCP, on the condyle-fossa-disk relationship in symptomatic patients. The positioning of
the condyle in the glenoid fossa in mandibular equilibrium in TMD therapy is still a matter of controversy.19,24,27,28 According to Okeson et al.6 and
Venturelli et al.,30 mandibular equilibrium is met when
joint structures are anatomically correctly positioned,

the disk is juxtaposed to the condyle, and the condyledisk assembly is placed against the posterior surface of
the temporal bone, in agreement with the results of the
muscular forces of the elevator muscles. Further, there
must be enough space between the condyle and the
posterior surface of the fossa to hold the retrodiskal
area, which is rich in vessels and nerves.6,30 CR as
position of mandibular equilibrium is deﬁned as the
maxillomandibular relationship in which the condyles
articulate with the thinnest avascular portion of their
respective disks with the complex in the anterosuperior
position against the shapes of the articular eminences.38
This position ensures posterior space for the retrodiskal
tissues,30 avoiding compression and inﬂammation6 or
alterations of the posterior edge of the disk,39 which
favor anterior displacement of the disk (DD).40
There are limited studies on the metric effects of
different registration positions on the condyle-diskfossa relationship in symptomatic patients.24-27,29 Most
studies in symptomatic patients comprise the effect of
splint therapy on DD with reduction.24-28 In asymptomatic individuals, different registration positions were
not found to lead to statistically signiﬁcant differences
in condylar positions by means of MRI.23,30
Metrical analysis of the condyle-disk-fossa relationship before and after insertion of different types of splints
(Michigan [CR] splints, protrusive splints, stabilization
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Fig. 2. Measurement of condyle displacement in the parasagittal plane by magnetic resonance imaging. The condyle is shifted
about 1.5 mm to the anterior (horizontal arrow). With a distance of 1.8 mm between G and ZK, the disk shows a physiologic
situation. (G, border zone between posterior band of the disk and bilaminar zone; ZF, glenoid fossa; ZK, apex of the condylar
head.)

Table I. MRI analysis for vertical and sagittal condyle
displacement and thickness of the bilaminar zone (all in
millimeters) for different registration techniques
Vertical condyle Thickness of the Sagittal condyle
position (ZK  bilaminar zone position (ZK 
ZF distance)
(KH  T2)
ZF difference)
MI

Mean
SD
DIR
Mean
SD
RCP
Mean
SD
MI : DIR : RCP
F ratio
(P)*
MI : DIR
(P)y
MI : RCP
(P)y
DIR : RCP
(P)y

3.00
0.79
3.13
0.78
3.18
0.84
0.345
ns

2.74
0.98
3.29
0.91
3.19
1.15
3.3
.021

1.29
1.08
0.47
0.97
1.21
1.29
6.57
.000

1

.043

.008

1

.167

1

1

1
.019

P < .05 denotes statistically signiﬁcant difference.
SD, standard deviation; MI, maximal intercuspation; DIR, Dynamics
and Intraoral Registration System position; RCP, retruded contact
position.
*Differences among MI, DIR, and RCP; 1-way analysis of variance
was used for data analysis; df (3,187).
y
Mean differences among techniques (MI, DIR, and RCP); post hoc
Bonferroni correction was used for data analysis.

splints) using MRI found controversial results in
symptom-free populations and patients with DD. Ettlin
et al.,14 using the Michigan splint in asymptomatic

individuals, found that occlusal splints led to minor yet
statistically signiﬁcant increase of global TMJ space and
to larger increase at deﬁned condylar areas. Badel
et al.,24 using the same type of splint in patients with DD,
found no inﬂuence in the repositioning of the DD joints
without reduction but found a limited positive effect in
joints with DD with reduction.
The use of anterior repositioning splints resulted in
recapture of discs in 15 out of 18 reducing displacements, recapture of the disk in only 2 out of 4 joints with
anterior DD with partial disk reduction, and no recapture
in nonreducing joints,25 whereas Kurita et al.27 found in
DD with reduction only a negligible amount of movement. Hasegawa et al.26 found that application of a
stabilization splint in patients with unilateral or bilateral
anterior DD results in anteroinferior condylar movement
and rotation in the opening direction and that TMJ pain
is associated with decreased disk movement in response
to splint placement.
Previous studies33,34 comparing condylar position by
jaw tracking in asymptomatic participants found that
condyle position during DIR is signiﬁcantly more
anteriorly and inferiorly located than with manual
guided CR and DIR. The slightly inferior condyle position in DIR and RCP compared with MI in the current
study probably results from increased occlusal vertical
dimension by the interocclusal jig. DIR was observed to
provide the widest posterior space for the retrodiskal
tissues (KH  T2) and showed the slightest condyle
displacement in the sagittal plane (ZK  ZF difference).
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Therefore, DIR position seems to best fulﬁll the criteria
of a physiologic or centric condyle position, with the
apex of the condylar head being in vertical line under
the zenith of the glenoid fossa and ensuring posterior
space for the retrodiskal tissues in symptomatic patients.
Previously, it has been described that in patients with
TMDs, signs of faster neuromuscular fatigue41 as well
as higher levels of muscular asymmetry42,43 are evident
and may result in signiﬁcant changes in condylar
displacement during manual jaw guidance and MI.
Surface electromyography found in asymptomatic individuals signiﬁcantly higher muscular symmetry for
the anterior temporalis and the masseter muscles during
DIR than with CR and MI.34 Therefore, it might be
concluded that the correct condyle position, especially
in symptomatic patients, beneﬁts from a registration
system that provides symmetric muscular activation to
ensure a centering of the condyles in the glenoid fossa.
Nevertheless, the results of our study must be considered in the context of the limitations. Despite precise
positioning of the patients with the help of reference
planes, it is difﬁcult to identify the same MRI layers in
2 successive recordings and to measure anatomic structures with sufﬁcient accuracy.44 We emphasize that the
ﬁndings reported herein are the outcomes of MRI images
in patients with functional disorders of different origin.
This leads to a lumping together of patients with multiple
speciﬁc TMJ conditions and pathologies, indicating
functional therapy. Owing to the limited number of patients and the wide range of diagnoses, the present study
permits only limited predictive values. Furthermore,
participants in the present study were asked to bite
effortlessly in contact (MI) or on the respective jig. It
could be expected that during parafunction mandibular
deformation would affect condyle-fossa measurements.14
Given that Jiang and Ai45 found that bilateral biting in
the canine area with a force up to 150 N does not produce a mandibular deformation in the premolar area, it
can be assumed that negligible deformation occurs in the
TMJ area.14

CONCLUSION
Registration position signiﬁcantly inﬂuences the sagittal
condyle-disk position in symptomatic patients. In the
sagittal plane, DIR position provides the widest posterior space for the retrodiskal tissues (KH  T2) and the
slightest sagittal difference (ZK  ZF difference) between the condyle zenith and the glenoid fossa. With
respect to the condyle-disk-fossa relationship, the DIR
position was found to fulﬁll the deﬁnition of centric
relation best when compared with MI and RCP.
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