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Abstract. Application of paraclinical methods for inves-
tigating the temporomandibular joint (TMJ) has been
a subject of constant controversy due to the absence of
universally-accepted criteria and lack of consensus regarding
their usage. Compared with medical imaging, which provides
a structural analysis of the TMJ, axiography involves the
functional recording of condylar movements. The aim of the
present study was to explore the diagnostic value of computer-
ized axiography for TMJ disc displacements using MRI as the
reference standard. The present study included 33 (66 TM1Is)
patients clinically diagnosed with TMJ disc displacements.
On the same day, all patients underwent clinical examination
and computerized axiography measurements using Cadiax
Compact® IT before undergoing MRI (1.5 T) 1-7 days later. The
characteristics of the diagnostic parameters, namely sensitivity,
specificity, positive and negative predictive values, accuracy,
Youden index and the 95% confidence intervals (CI), were all
computed. Compared with MRI, computerized axiography
yielded a sensitivity of 85.11%, specificity of 94.74%, positive
predictive value of 97.56%, negative predictive value of 72%
and a diagnostic accuracy of 87.88% for any disc displace-
ments. This suggests that computerized axiography can confer
high sensitivity, specificity and accuracy for the diagnosis of
TMIJ disc displacements. However, axiographic analysis has
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no diagnostic significance in TMJ function if not associated
with clinical examination.

Introduction

The potential application of paraclinical methods for
investigating the temporomandibular joint (TMJ) has
been a subject of constant controversy due to the absence
of definitive criteria and the lack of consensus regarding
usage. The mechanism underlying mandibular movements
is highly complex and it is mandatory that novel examina-
tion methods are developed to further the understanding in
the function of this joint. Apart from clinical evaluation and
medical imaging, graphical recordings of mandibular move-
ments obtained using computerized axiography can make a
significant contribution to the functional evaluation of the
TMIJ (1). Compared with medical imaging, which provides
a structural analysis of the TMJ, axiography consists of
making functional recordings of condylar movements (2).
Initially implemented as a mechanical measurement method,
axiography is also called condylography and is currently
being applied on digital platforms (3).

Computerized axiography reveals information on the
opening, closing, lateral and protrusive movements (2,3), where
its graphical output can be analyzed in the horizontal as well
as the sagittal planes (4). This method also enables the quanti-
tative and qualitative analysis of pathways in both the orbiting
and pivoting condyle in terms of symmetry, speed during
articular movements and aspect of the condylar pathway (5).
In addition to information on the optimal or suboptimal TMJ
performance, computerized axiography provides data required
to program the semi-adjustable articulator, which includes
Bennett angle values and the sagittal condylar inclination (6).
This characteristic of computerized axiography have proven
useful in the dental treatment industry, including prosthetic,
orthodontic and orthognathic surgery, all of which requires the
faithful replication of musculo-articular dynamics data of the
dento-maxillary system (7).
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The aim of the present study was to determine the
accuracy of using computerized axiography for diagnosing
TMIJ displacements, using MRI as the reference standard.
In addition, another objective of the present study was to
calculate the mean values of the Bennett angle and sagittal
condylar inclination and determine their variations according
to the pathology of each case examined.

Patients and methods

Patients. In total, 33 (66 TMJs) with signs and symptoms of
TMIJ disc displacement according to the Research Diagnostic
Criteria for Temporomandibular Disorders (RDC/TMD) (8)
were enrolled in this prospective study performed over
6 months (between May and October 2017). Of the 33 patients
enrolled in the present study, there were five males and
28 females. The age of the patients ranged from 14 to 65, with
a mean + SD age of 28.4+11.3 years. On the same day, each
patient underwent clinical examination and computerized
axiography, which was performed by a single clinician (DT).
MRI was performed 1-7 days after clinical examination.
The clinical examination and computerized axiography
were performed at ‘Stomestet’ Dental Clinic (Cluj-Napoca,
Romania), whereas MRI was performed at ‘Skyra Vision’
Imaging Center (Cluj-Napoca, Romania). Only patients with
the following clinical TMJ disorders were included in the
study: Disc displacement with reduction (DDwR) and disc
displacement without reduction (DDwoR). The following signs
were necessary for DDwR diagnosis: i) Joint noise reported by
patient; ii) click detection during opening/closing cycles; and
iii) click detection during lateral and protrusive movements.
For DDwoR diagnosis, the following signs were considered:
i) Unassisted opening <35 mm and assisted opening <4 mm
more than the unassisted opening; ii) contralateral movements
<7 mm and/or uncorrected deviation to the ipsilateral side on
opening; and iii) absence of clicking noise (8).

Patients with contraindication to MRI, including claus-
trophobia, cardiac pacemakers or ferromagnetic metals
carriers, those who were unable to undergo computerized
axiography due to muscular instability or inability to correctly
perform mandibular movements, in addition to patients with
masticatory muscles disorders, were excluded.

The research protocol in the present study was analyzed
and approved by the Ethics Committee of the University
of Medicine and Pharmacy ‘Iuliu Hatieganu’ Cluj-Napoca
(approval no. 403/02.07.2015). Written informed consent
was obtained from each participant or guardian/parent of the
participant enrolled in the study.

Clinical examination. Clinical examination was performed
by a single oral surgeon (DT). Diagnosis was made based on
the patient's history and physical examination. The clinician
investigated the masticatory and cervical muscles and
both TMIJs. Dental occlusion was also analyzed, both static
and dynamic. The diagnostic decision tree was elaborated
according to the RDC/TMD (8).

Computerized axiography. Computerized axiography and
clinical examination were performed on the same day by the
same specialist. Axiography was performed using the Cadiax

Compact® IT device (GAMMA Medizinisch-wissenschaftliche
Fortbildungs GmbH). Prior to examination, each patient
was informed about the movements required during the
examination. The Cadiax Compact® II device consists
of the following elements: A face bow; a mandibular
bow; a bite fork; two stilettos; two recording sensors; a
central unit; and a computer with the required software
(Figs. 1 and 2; Cadiax Compact 2 Version 2.9.2; GAMMA
Medizinisch-wissenschaftliche Fortbildungs GmbHJ) (5).

Recording mandibular movements. The reference posi-
tion, which is the starting point for all the movements,
was always recorded first. This is followed by maximum
protrusion measurements, right laterotrusion measurements,
left laterotrusion measurements and maximum opening, in
that order. The recording is immediately displayed on the
computer screen, where the measurement procedure would
be repeated if the quality of the recording is of poor quality
(due to patient incoordination). The mandible would start
moving from the reference position, reaching maximum
amplitude before returning to the reference position. In
total, two recordings were saved and stored for each type of
movement. The device allows for the superposition of curves,
which enables the verification of the reproducibility of joint
movements (9).

Diagnosis was made in accordance with the graphic
records, which were interpreted as follows: i) Normal TMJ
was defined as clear, regular, superimposed curves, with
=14 mm quantity for opening, 9 mm for maximum propulsion
and laterotrusion (Fig. 3); ii) TMJ with DDwR was defined as
observations that the advancement and return pathways to the
reference position do not overlap, but movement is not limited
from a quantitative point of view (Fig. 4); and iii) TMJ with
DDwoR was defined as significant quantitative limitation,
with straight, linear pathways (Fig. 5). In addition, Bennett
angle values and the condylar sagittal inclination were also
measured using computerized axiography.

MRI examination. All MRI examinations were performed
using a 1.5-T MRI equipment (Siemens Avanto; Siemens
Healthineers). MRI assessment was performed by a radiolo-
gist (NB) blinded to both the clinical and axiographic findings.
Bilateral MR imaging of the TMIJs was performed using the
same protocol. The data were collected on a 205/256 matrix,
with a field of view of 120 mm and a flip angle of 150 degrees.
Oblique-sagittal and coronal images were obtained of both
closed- and opened-mouth positions, perpendicular and
parallel to the long axis of the condyle. The MRI protocol
included T2-weighted and proton density sequences, with the
thickness of slices at 3 mm.

Disc displacement was considered to be present if the
posterior margin of the posterior band was situated anteri-
orly to the vertical orientation of the condyle (the ‘12 o'clock
line’) (10). The MRI examination was performed within
1-7 days following clinical examination and computerized
axiography. The results were interpreted by a single specialist
in maxillofacial imaging (NB; Figs. 6 and 7).

Statistical analysis. The characteristics of diagnostic tests
(computerized axiography being the index test, whilst MRI
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Figure 1. Frontal view of the computerized axiograph mounted onto the face of the patient.

Figure 2. Lateral view of the computerized axiograph mounted onto the face of the patient.
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Figure 3. Axiographic pathway for the opening-closing movements of a healthy temporomandibular joint. Clear, overlapping, quantitatively normal (=14 mm
quantity for opening) pathways can be observed. The x-axis- sagittal and horizontal. The y-axis- transverse and horizontal. The z-axis- frontal and vertical.

The red circles represent the starting point.
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Figure 4. Axiographic pathway for the opening-closing movements of a temporomandibular joint with disc displacement with reduction. The lack of superposi-
tion of the opening and closing pathways on the right side can be observed. The x-axis- sagittal and horizontal. The y-axis- transverse and horizontal. The
z-axis- frontal and vertical. The red circles represent the starting point. Clicking appears at the point of intersection of the two pathways (arrow).

being the standard test), namely sensitivity, specificity,
positive and negative predictive values, accuracy, Youden
index and the 95% confidence intervals (CI), were all
computed. Exact binomial confidence limits were calcu-
lated for the sensitivity, specificity, positive and negative
predictive values. Positive and negative likelihood ratios
were also assessed. All analyses were performed using

the R environment for statistical computing and graphics,
version 3.2.3 (11).

Results

Comparison of the three techniques. Clinical examination
revealed 23 (34.85%) TMIJs with DDwR, 18 (27.27%) TMIs
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Figure 5. Axiographic pathway for the opening-closing movements of a temporomandibular joint with disc displacement without reduction. The pathway on
the right side is quantitatively reduced and completely straight, lacking the specific concavity of a normal pathway. The x-axis- sagittal and horizontal. The
y-axis- transverse and horizontal. The z-axis- frontal and vertical. The red circles represent the starting point.

(i

Figure 7. Sagittal proton density MRI image of an anterior disc displacement without reduction. (A) Mouth-closed. (B) Mouth-opened. Note the displaced disc
(arrow) when the mouth is closed does not return to its normal position at the maximal mouth opening position.
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Table I. The results of the clinical examination, computerized axiography and MRI.

Total % of normal temporomandibular joints

Examination Total % of disc displacements
Clinical examination 62.12
Computerized axiography 65.15
MRI 71.21

37.88
34.85
28.79

Table II. Computerized axiography findings compared with
MRI findings.

Disc 95% confidence
Statistical parameter displacement interval
Sensitivity, % 85.11 71.69-93.8
Specificity, % 94.74 73.97-99.87
PPV, % 97.56 87.14-99.94
NPV, % 72 50.61-87.93
LR* 16.17 2.39-109.36
LR 0.16 0.08-0.31
Diagnostic accuracy, % 87.88 77.51-94.62
Youden index 0.8 0.46-0.94
Number necessary for 1.25 1.07-2.19
diagnosis

PPV, positive predictive value; NPV, negative predictive value; LR*,
positive likelihood ratio; LR", negative likelihood ratio.

with DDwoR and 25 (37.88%) healthy TMJs. Computerized
axiography detected 22 (33.33%) TMJs with DDwR,
21 (31.82%) TMJs with DDwoR and 23 (34.85%) healthy TMIs.
MRI identified 30 (45.45%) TMJs with DDwR, 17 (25.76%)
TMIJs with DDwoR and 19 (28.79%) healthy TMIJs. In total,
clinical examination revealed 41/66 (62.12%) TMIJs with disc
displacements, whereas computerized axiography showed
43/66 (65.15%). MRI indicated 47/66 (71.21%) TMIJs with disc
displacements (Table I). The number of disc displacements
diagnosed clinically and that diagnosed using computerized
axiography are comparable (41 vs. 43%; Table I). MRI, being
the gold standard for disc visualization, revealed the real
number of disc displacements, which was 47.

Statistical indicators of computerized axiography, including
the sensitivity, specificity, diagnostic accuracy, Youden index,
positive predictive value, negative predictive value, positive
likelihood ratio and negative likelihood ratio were assessed,
using MRI as a reference standard (Table II). The sensitivity
and specificity of computerized axiography for detection of
TMIJ disc displacements were 85.11 and 94.74%, respectively.
The Youden index was also found to be high (0.8), showing a
viable diagnostic accuracy for computerized axiography.

The values of the Bennett angle and of the sagittal condylar
inclination were also calculated. The sagittal condylar
inclination had a mean = SD 0f 42.08+8.02 (95% CI,40.1-44.05),
with values ranging from 20 to 60. The Bennett angle variable
(transversal condylar guidance) had a median (IQR) of 9 (7-13)
with values ranging from 5 to 30 (95% CI, 7.5-11).

Discussion

The patient's clinical history and the observation of articular
noises, such as clicking, are typically used to diagnose DDwR
clinically (12). However, clicking may be the result of other
causes, not only disc displacement (13). For instance, articular
ligaments may produce such noises, where a clicking sound
may occur during the rotational movement of the collateral
lateral ligament due to its fragility (13). Synovial noises, which
occurs especially when chewing solid food, are also described
as having the characteristics of clicking sounds. In addition,
condylar surface irregularities may be the cause of articular
noises during the rotational movement occurring in the lower
compartment of the joint, between the condylar surface and
the articular disc (12,14). Such cases are difficult to diagnose
clinically, rendering the axiographic investigation of the TMJ
potentially beneficial for obtaining additional important data
for accurate clinical diagnosis.

The high statistical values of specificity and sensitivity
obtained in the present study suggest computerized axiog-
raphy to be an important screening method for confirming
or exclude disc displacement. The resulting Youden index
also exhibited diagnostic value for the use of computerized
axiography. However, incipient DDWR cannot be diagnosed
using axiography due to the thickness of the bite fork applied
on the lower arch. The presence of the fork slightly increases
the vertical dimension of occlusion, where if the displace-
ment is mild, the disc would adjust itself to the new vertical
dimension so that it appears as ‘normal’ in the reference
position according to the axiograph recording. The present
study reported six such false negative cases. In this situation,
accurate diagnosis was required using MRI examination.

Previous studies performed by Ahangari et al (15) and
Torabi er al (16) substantiated the accuracy of the Cadiax
Compact®II device recordings, in terms of both the resulting
graphical output and values used for programming the
semi-adjustable articulator. In particular, the semi-adjustable
articulator program were compared to the wax records used
for programming the articulator.

Controversies remain regarding the application of electronic
devices for diagnosing TMJ disorders. Electronic methods
include axiography, electromyography and Doppler ultrasound
for recording articular noises (17). A number of previous
accounts (18-20) asserted that using devices for recording
mandibular dynamics serve no diagnostic value. Cooper and
Rabuzzi (21) reported that any movements recorded by axiog-
raphy are slower in patients with TMD compared with those in
healthy individuals (<300 mm/sec). By contrast, Feine et al (22)
found that slower speeds, even bellow the aforementioned
value, can also be recorded in healthy individuals. In addition,
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Table III. Results of the main studies that previously evaluated the sensitivity and specificity of axiography compared with MRI

results.

Author Year Sensitivity, % Specificity, % (Refs.)
Parlet et al 1993 64 100 (26)
Rammelsberg et al 1996 86 90 27
Ozawa and Tanne 1997 40 94 (28)
Bracco et al 1997 56 96 (29)
Kobs et al 2004 80 90 (30)

Romanelli e al (23) proposed that axiography is an accurate
method for diagnosing disc displacements in the TMJ. Due to
insufficient clinical data being available in this field, in a 2018
review Constantinides et al (24) concluded that computerized
axiography is not a useful tool for detecting internal TMJ
disturbances. In a previous study of Manfredini er al (25),
which evaluated the diagnostic value of axiography in disc
displacements and joint effusion, reached the same conclu-
sion. Indeed, controversial opinions and findings have been
reported on the potential diagnostic value of axiography. The
values obtained for sensitivity and specificity are summarized
in Table III. All previous studies (26-30) presented in Table III
indicate a very good specificity for computerized axiography,
which is in agreement with the results from the present study.
Axiography appeared to be a highly specific form of TMJ
examination. In terms of sensitivity, it appears to be lower
(between 56 and 86%). As also found in the present study and
mentioned by Ozawa and Tanne (28), the false negative results
are likely to be due to the application of the bite fork, which
could change the condylar starting position and is an impor-
tant factor in cases with incipient TMJ disc displacements.
In the present study, only six such cases were reported and
the sensitivity for the overall diagnosis of disc displacements
was 85.11%. In addition, the diagnostic sensitivity obtained
in the studies mentioned in Table III could be dependent
on the multiple systems of classification used for TMJ disc
displacements (in terms of clinical and MRI classification).
The classification system differs from one study to another and
could affect the values of statistical indicators.

Piancino et al (31) previously analyzed the association
between computerized axiography and MRI data, which
yielded a very low kappa index of 13%. They then concluded
that MRI and computerized axiography are two completely
different types of examination methods that should instead be
used in conjunction with one another (31). The same conclusion
has also been reached by Piehslinger et al (32), who obtained
a concordance of only 45% between MRI and computerized
axiography.

In the present study, a mean value of the sagittal condylar
inclination of 42 degrees was found, whereas the Bennett
angle was 9 degrees. However, these values obtained were
heterogeneous, rendering correlation analysis between these
two parameters and the TMJ pathological parameters impos-
sible. However, a significant difference between a normal TMJ
on one side and a displaced TMJ on the other side for the same
subject, regarding the Bennett angle and the sagittal condylar
inclination, was found.

Computerized axiography can also be used as a tool for
monitoring treatment progression by analyzing the graphic
outputs at different times, as suggested by a previous study
performed by Piancino et al (33). However, similar types of
data can be obtained by clinical examination of the muscles
and TMJ (17).

A number of studies (30,34) emphasized the importance
of associating clinical examination parameters with comput-
erized axiography, suggesting that axiography should be
used as an extension of clinical examination as part of the
clinical analysis. As a result, axiography can increase the
diagnostic value to contribute to the differential diagnosis of
intra-articular pathology (32,34). The present study proposes
that computerized axiography, when used as an additional
diagnostic strategy, should be incorporated into the clinical
examination procedure. However, a limitation of the present
study is that the sample size is small and that the calculation of
intra- and inter-examiner agreement was not performed.

To conclude, computerized axiography is a simple and fast
method that is capable of reproducing the functional movement
of the TMJ, which offers the opportunity to perform compara-
tive analyzes of the two joints. In addition, it can also be used
for the periodic evaluation of treatment progression of TMJ
pathology. MRI and computerized axiography can produce
different types of data regarding the TMJ status. Whilst MRI
can yield important structural data, axiography can reveal data
on TMJ function.
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