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Abstract: Background: Assessment of functional occlusion is crucial in orthodontics and
prosthodontics. With scientific advancements, optical jaw tracking systems are increasingly
used to evaluate mandibular kinematics. Objectives: To compare the performance of an op-
tical jaw tracking system (Modjaw®) and a traditional condylar position indicator (CPI) in
identifying condylar position discrepancies within an orthodontic population. A secondary
objective was to explore the association between condylar discrepancies and temporo-
mandibular disorders (TMD). Methods: Measurements were collected from 132 patients
consecutively recruited from the private practice of a coauthor, using Modjaw and CPI,
analyzing discrepancies in the sagittal, vertical, and transverse planes. TMD presence was
determined clinically and using the DC-TMD questionnaire. Receiver operating character-
istic (ROC) curves and diagnostic metrics were used to evaluate the tools’ performance.
Results: No correlation was found between CPI and Modjaw measurements. CPI did not
effectively discriminate between patients with and without TMD, with areas under the
curve (AUC) not statistically significant. In contrast, the AUCs for Modjaw were 0.683
for the vertical plane (p = 0.001), 0.654 for the sagittal plane (p = 0.004), and 0.777 for the
transverse plane (p < 0.001). The cut-off values for TMD screening using Modjaw were
established at 2 mm (vertical), 1 mm (sagittal), and 0.5 mm (transverse), exhibiting some
specificity, especially in the transverse dimension, but very low sensitivity. Conclusions:
No correlation was found between Modjaw and CPI for assessing condylar position dis-
crepancies. While these discrepancies may aid orthodontic treatment planning, they lack
sufficient sensitivity for reliable TMD diagnosis. Modjaw’s cut-off points may help exclude
TMD risk in orthodontic patients.

Keywords: condylar position discrepancies; optical jaw tracking system; condylar position
indicator

1. Introduction
The determination of a stable, functional, and reproducible mandibular position has

long been a focus in dentistry, particularly in orthodontics and prosthodontics. Over time,
the concept of an ideal condylar position has evolved, reflecting advancements in under-
standing occlusion and temporomandibular joint (TMJ) function [1–4]. Functional occlusion
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implies skeletal and muscle stability, essential for successful treatment outcomes in these
fields. The current biopsychosocial model for managing temporomandibular disorders
(TMDs) emphasizes the use of the patient’s maximum intercuspation (MI) for diagnosing
and treatment planning [5]. However, cases requiring significant occlusal reorganization,
such as complex orthodontic or prosthodontic treatments, require determining a balanced
and reproducible reference position [5].

Traditionally, centric occlusion (CO), defined as the occlusion of opposing teeth when
the mandible is in centric relation (CR) has been used as a diagnostic and therapeutic
reference [6]. While CO is pragmatically useful in prosthodontics and orthodontics for
occlusal reorganization, or when MI is unavailable, its diagnostic use in identifying tem-
poromandibular joint condylar position lacks anatomical and clinical support [7,8]. Modern
approaches now favor MI as the primary reference, except in cases of unstable occlusion
where CR-MI discrepancies exceed 2 mm sagittally or vertically and 0.5 mm transver-
sally [3,8–10]. In such cases, additional evaluation and planning are essential [3,8].

Technological advancements have introduced tools like optical jaw tracking systems,
including Modjaw® (Modjaw®, Villeurbanne, France), which enable dynamic, real-time
assessments of mandibular movements and condylar positions [11–16]. Unlike traditional
articulators, which rely on static approximations, optical systems provide precise and dy-
namic monitoring of jaw movements, offering immediate clinical feedback and minimizing
operator-dependent errors [13,17–19]. These systems are promising for diagnosing occlusal
and functional discrepancies and improving orthodontic treatment planning [11,13,14].

The clinical relevance of condylar discrepancies in diagnosing TMD remains debated.
While the clinical significance of condylar discrepancies in diagnosing TMD remains de-
bated, their assessment is still relevant in orthodontic practice [4]. Accurate evaluation of
condylar position may aid in understanding occlusal stability and mandibular function,
which are essential factors in treatment planning [3,9,10]. Furthermore, although condylar
discrepancies alone may not serve as definitive diagnostic criteria for TMD, their identi-
fication could contribute to a more comprehensive functional assessment, especially in
patients presenting with symptoms of temporomandibular dysfunction [3,9,10]. While
the prevalence of TMD is reported as 31% in adults and 11% in children, these rates
are higher among orthodontic patients [20,21]. Despite this, evidence indicates that or-
thodontic treatment neither causes nor cures TMD [7–22]. Instead, TMD diagnosis requires
a multifaceted approach involving clinical examination, patient history, and validated
questionnaires like the DC-TMD [23]. Imaging techniques, such as cone beam computed
tomography and magnetic resonance imaging, and tools like condylar position indicators
(CPI), are not recommended for routine diagnosis due to their limitations in sensitivity and
specificity [24,25].

Although previous studies have suggested potential associations between condylar
position discrepancies and TMD, there is no consensus on their clinical significance [3,8,10,26].

Instruments like CPI and jaw tracking systems are primarily designed to evaluate
functional discrepancies rather than serve as standalone diagnostic tools for TMD. Never-
theless, understanding condylar position discrepancies is critical for orthodontic treatment
planning, particularly in patients with unstable occlusion [9,26,27]. By providing accurate
assessments of mandibular dynamics, tools like Modjaw may enhance treatment precision
and reduce errors associated with traditional methods [11,28,29].

This study aimed to compare the performance of Modjaw and CPI in identifying
condylar position discrepancies (CO-MI discrepancies) within an orthodontic population.
A secondary objective was to evaluate their utility in screening for TMD, emphasizing the
limited diagnostic value of condylar discrepancies in this context.
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The null hypotheses are “there are no statistically significant differences between
condylar position assessed with CPI or Modjaw” and “condylar discrepancies have no
diagnostic value for TMD”.

2. Materials and Methods
This study was designed as a cross-sectional, observational, monocentric study and

reported according to the STARD guidelines [30]. Ethical approval was obtained from
the Ethics Committee of the researcher’s institution (internal code: 22/270-E). All partic-
ipants provided written informed consent in accordance with the Helsinki Declaration
(2002 version).

2.1. Population

Patients seeking orthodontic treatment were consecutively recruited from the private
practice of one of the coauthors from April 2022 to October 2023. Inclusion criteria were
as follows: (i) individuals over 14 years of age, (ii) permanent dentition, (iii) incisor
overlap < 70%, and (iv) overjet < 8 mm. Exclusion criteria were as follows: (i) prior or
ongoing orthodontic or splint therapy, (ii) presence of maxillofacial trauma or surgery,
and (iii) physical or cognitive disability.

2.2. Diagnostic Tools and Procedures

As a reference standard to assess the presence or absence of TMD, a standardized
questionnaire Axis I from the International Consortium for TMD and Orofacial Pain was
administered, and a thorough oral examination was conducted by an experienced clini-
cian [23].

2.3. CPI Records

Dental impressions were taken and converted into dental cast. A CO record was
obtained using Almore® wax (Almore Int. Hickory, NC, USA) with Roth’s power centric
technique [31]. Additionally, an MI record was established using bite registration Moyco®

wax (Moyco Union Broach, York, PA, USA). A transfer bow was customized to the patient
and then transferred to the semi-adjusted articulator (Panadent®, Panadent Corp., Colton,
CA, USA) for cast mounting. After mounting the casts on the articulator in CR, they were
transferred to the CPI (Panadent Corp., Colton, CA, USA). Using the MI wax, occlusion
was established and fixed. The CO-MI discrepancy was then recorded on the CPI grid
as the condylar discrepancy, measured in millimeters as the linear distance to the grid’s
reference line (with the intersection point of the x and y axes serving as the reference for
CO and the marked point as the reference for MI) [10].

2.4. Optical Jaw Tracking System (Modjaw) Records

To determine the condylar position using Modjaw, digital models were obtained with
an intraoral scanner, iTero® (Align Technology, San José, CA, USA). The STL files were
imported to Modjaw’s software (TwimTM). After calibration, the tracking devices were
placed (the para-occlusal clutch and peri-cranial bow), and the cutaneous condylar, sub-
nasal, and five mandibular dental reference points were identified. The size and shape of the
para-occlusal clutch, which is bonded to the buccal surface of lower teeth without causing
occlusal interference, limited the study sample to subjects with an incisor overlap < 70%
and overjet < 8 mm, as stated in the eligibility criteria. This restriction was necessary
because excessive incisor overlap or overjet could compromise the accuracy of Modjaw
readings due to incisor trauma on the sensor. The following mandibular movements were
recorded (3 repetitions): open/close, protrusion, lateral excursions, speech, and chewing.
A section of the record with pure rotation was cropped and the terminal hinge axis was
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located. The software automatically recalibrated mandibular displacements using the new
hinge axis and checked its validity. The condylar position graphs were used to measure
condylar discrepancy similarly to the CPI grid, but in this case, the intersection point refers
to MI, and the calculated condylar position is the CO reference.

2.5. Outcome Measures

The following data were recorded: the presence or absence of TMD signs/symptoms,
and the CO-MI discrepancies in the three planes (sagittal, vertical, and transversal) assessed
with CPI and Modjaw. One calibrated examiner took all the records.

2.6. Statistical Analysis

To assess the measurement error, a subsample of 30 measurements was randomly se-
lected and measured twice, and the intraclass correlation coefficient (ICC) was used. An ICC
higher than 0.90 was used as a criterion to ensure the reliability of the measurements [32].

2.7. Sample Size Estimation

The sample size calculation was performed using PASS 2022 (NCSS LLC; Kaysville, UT,
USA) Power Analysis and Sample Size Software and conducted for Pearson’s (parametric)
and Spearman’s rank (non-parametric) correlations. The target correlation coefficients were
set at 0.4 (R = 0.40), according to the recommendations by Cohen (1992), with a confidence
level of 95.0% and precision of 0.3, resulting in recommended sample sizes of 123 for
Pearson’s and 132 for Spearman’s rank correlations [33,34]. For the ROC analysis, a sample
size of 102 patients was required to detect an area under the curve (AUC) of 0.90 with a
95% confidence interval.

2.8. Correlation Analysis

The distribution of outcomes was assessed using the Kolmogorov–Smirnov test. Since
normality was not confirmed, Spearman’s correlation coefficient was applied to evaluate
the relationship between CPI and Modjaw measurements.

2.9. ROC Curve Analysis

Receiver operating characteristic (ROC) curves were generated for both CPI and Mod-
jaw by combining CO-MI discrepancy measurements with TMD classification (“0” for no
TMD and “1” for TMD). The area under the curve (AUC) was calculated, with values ≤ 0.5
indicating no better-than-random performance. Key classifier evaluation metrics included
the Gini index, maximum K-S value, and optimal cut-off points to maximize sensitivity
and specificity.

To enhance clinical relevance, cut-off values were rounded to the nearest 0.5 mm,
and their corresponding sensitivity, specificity, positive predictive values, and negative
predictive values were recalculated [35]. Sensitivity and specificity were categorized as low
(<70%), fair (70–80%), moderate (80–90%), or high (>90%), and Youden’s index was used to
assess discriminative ability [36].

The statistical analysis was performed using IBM SPSS, version 30 (IBM Corp.,
Armonk, NY, USA), with a significance level of p ≤ 0.05.

3. Results
Measurement error analysis showed no significant differences between repeated mea-

surements (p > 0.05). All ICC values were above 0.90 for both CPI and Modjaw measure-
ments, indicating no systematic error and ensuring measurement reliability (Appendix A).
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The sample comprised 132 patients with a mean age of 23.69 years (SD: 11.57), where
69% were female. TMDs were present in 31.5% of the sample according to the questionnaire
and clinical examination. Any adverse events took place during the study.

3.1. Correlation Analysis

Table 1 summarizes the correlation values between measurements obtained with CPI
and Modjaw. Correlation coefficients were close to zero and non-significant for sagittal
right (R = −0.067; p > 0.05), vertical left (R = −0.064; p > 0.05), and transversal (R = 0.066;
p > 0.05). A weak positive correlation was observed for vertical right (R = 0.230; p > 0.05)
and sagittal left (R = 0.286; p < 0.05). Overall, these results indicate very low agreement
between the two tools. Figure 1 illustrates the graphical representation of the correlations.

Table 1. Correlation between CPI and Modjaw measurements.

Variable
CPI Modjaw

R
95% CI

Mean (SD) Mean (SD) Lower Bound Upper Bound

Vertical left 2.96 (2.01) −0.07 (0.74) −0.064 NS −0.304 0.175
Vertical right 2.45 (1.81) 0.24 (0.98) 0.230 NS −0.004 0.464
Sagittal left −2.25 (1.85) −0.48 (0.69) 0.286 * 0.056 0.516

Sagittal right −1.90 (1.47) −0.40 (0.71) −0.067 NS −0.306 0.173
Transversal −0.56 (1.01) 0.04 (0.73) 0.066 NS −0.174 0.305

SD: standard deviation; R: Spearman’s correlation coefficient. * p < 0.05. NS p > 0.05.
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Figure 1. Correlation between CPI and Modjaw measurements.

3.2. ROC Analysis

ROC curve analysis (Figure 2) revealed that CPI performed poorly, with AUC values
for all planes not significantly different from random chance (AUC ≤ 0.5; Table 2). In
contrast, Modjaw showed better discriminative ability, with AUC values ranging from
0.654 in the sagittal plane to 0.777 in the transversal plane.
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displacement; TRANS: transversal displacement.

Table 2. Area under the ROC curve for CPI and Modjaw.

Variables Area
Asymptotic
Significance a

Asymptotic 95% Confidence Interval
Lower Bound Upper Bound

CPI VERT 0.595 0.126 0.473 0.716
CPI SAG 0.554 0.388 0.432 0.675
CPI TRANS 0.593 0.132 0.472 0.713
MJ VERT 0.683 0.001 0.580 0.786
MJ SAG 0.654 0.004 0.549 0.759
MJ TRANS 0.777 <0.001 0.679 0.876

a. Null hypothesis: true area = 0.5. MJ: Modjaw; VERT: vertical CO-MI displacement; SAG: sagittal CO-MI
displacement; TRANS: transversal CO-MI displacement.

Optimal cut-offs for TMD classification based on Modjaw measurements were de-
termined as 1.77 mm (vertical), 0.91 mm (sagittal), and 0.49 mm (transversal), and these
exhibited higher sensitivity and specificity metrics than CPI (Table 3). Rounded cut-offs for
Modjaw included 2 mm (vertical), 1 mm (sagittal), and 0.5 mm (transversal), which showed
low sensitivity but high specificity, particularly in the transversal plane (Table 4). For CPI,
cut-offs of 4.5 mm (vertical) and 1.5 mm (transversal) demonstrated very low sensitivity
but moderate specificity. In contrast, Modjaw’s cut-off of 0.5 mm (transversal) exhibited the
highest sensitivity (66.67%) and very high specificity (93.40%). Youden’s indices supported
the poor overall performance of most models, except for Modjaw in the transversal plane.

Table 3. Classifier evaluation metrics for CPI and Modjaw.

Variable(s) Gini Index
K-S Statistics

Max K-S a Cut-Off (mm)

CPI VERT 0.189 0.220 4.30

CPI SAG 0.107 0.228 1.95

CPI TRANS 0.185 0.196 1.35

MJ VERT 0.366 0.302 1.77

MJ SAG 0.308 0.354 0.91

MJ TRANS 0.554 0.601 0.49
a. The maximum value Kolmogorov–Smirnov (K-S) metric and also the maximum value of Youden’s index.
MJ: Modjaw; VERT: vertical CO-MI displacement; SAG: sagittal CO-MI displacement; TRANS: transversal
CO-MI displacement.
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Table 4. Rounded cut-offs used for CPI and Modjaw, and their corresponding binary classification
statistics (including sensitivity, specificity, positive predictive value, negative predictive value and
Youden’s index).

Variable Cut-Off (mm) Sensitivity Specificity PPV NPV Youden’s Index

CPI VERT 4.5 35.48 86.49 52.38 76.19 0.220

CPI SAG 2 74.19 48.65 37.70 81.82 0.228

CPI TRANS 1.5 29.03 90.54 56.25 75.28 0.196

MJ VERT 2 28.21 95.28 68.75 78.29 0.235

MJ SAG 1 48.72 77.36 44.19 80.39 0.261

MJ TRANS 0.5 66.67 93.40 78.79 88.39 0.601
MJ: Modjaw; VERT: vertical CO-MI displacement; SAG: sagittal CO-MI displacement; TRANS: transversal CO-MI
displacement; PPV: positive predictive value; NPV: negative predictive value.

Youden’s indices indicated poor overall performance of most binary classification
models, except for Modjaw in the transversal plane (cutt-off of 0.5 mm) (Figure 3).
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4. Discussion
This study compared CPI and Modjaw in assessing condylar discrepancies (CO-MI

discrepancies) and evaluated their diagnostic utility for TMD in an orthodontic population
using the DC-TMD questionnaire as the gold standard.

According to a 2021 meta-analysis, TMD has a prevalence of 31% in adult patients
with higher rates in orthodontic populations [20,21]. Consistently, our sample comprised
26% of patients with signs and symptoms of TMD. The broad eligibility criteria provide
good external validity for typical orthodontic patients in our practice.

A key finding of this study is the lack of correlation between the measurements ob-
tained by CPI and Modjaw. Correlation coefficients were near zero for most planes, with
only weak positive correlations observed for sagittal right and vertical right measurements.
These results highlight the fundamental methodological differences between the tools.
CPI relies on static, wax-based registrations of CO and MI using a semi-adjusted articu-
lator, while Modjaw dynamically analyzes mandibular movement to establish the hinge
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axis. Some recent investigations have shown that the hinge axis recorded by Modjaw is
reproducible and accurate [12]. However, the published studies on this subject are still
very recent and with small samples; further investigation is recommended. Additionally,
the disparity in measurements recorded with Modjaw and CPI may be influenced by the
precision differences between intraoral scanners and plaster models. Some authors have
suggested that the type of intra-oral scanner used to create digital models might affect the
results from Modjaw, indicating the device’s sensitivity to small changes [14]. However, in
this investigation, this factor did not impact the results, as all models were obtained using
the same scanner. Dental articulators, due to the multiple steps required for obtaining the
CPI reading (involving two distinct devices), are prone to several errors that may distort
the results and yield misleading data. CPI recordings may lead to misleading interpre-
tations, overestimating the clinical relevance of CO-MI discrepancies and, consequently,
not enhancing the diagnostic value. The clinical relevance of these findings lies in the
distinction between static and dynamic assessments of mandibular function. CPI has
traditionally been used as a static tool for condylar position analysis, but it does not capture
full mandibular motion. In contrast, Modjaw records dynamic movements, potentially
offering a more physiologically relevant reference based on functional parameters. Given
the weak correlations observed, Modjaw may have clinical utility by integrating a fully
dynamic mandibular analysis into orthodontic diagnosis and treatment planning. Beyond
its diagnostic role, Modjaw may also serve as a valuable tool for evaluating mandibular
function throughout treatment. By continuously monitoring mandibular dynamics over
time, clinicians can evaluate the effectiveness of therapeutic interventions, track changes in
condylar position, and adjust treatment plans accordingly.

To test the accuracy of Modjaw and CPI in screening TMD, various diagnostic tests
were used. The study’s methodology comprehensively evaluated the CPI and Modjaw
tests’ usefulness and discriminative capacity. ROC curve analysis, associated metrics, and
cut-off values thoroughly assessed test performances, offering valuable insights for clinical
decision-making. ROC curve analysis revealed that CPI performed no better than random
in distinguishing between patients with and without TMD. Modjaw exhibited superior
performance, with AUC values ranging from 0.654 to 0.777. However, even for Modjaw,
sensitivity was consistently low, indicating that condylar discrepancies measured by these
tools lack the diagnostic sensitivity required to reliably detect TMD. Specificity values for
Modjaw were higher, particularly in the transversal plane (93.40%), suggesting potential
utility for excluding TMD in patients presenting with minimal condylar discrepancies. This
aligns with previous studies indicating higher condylar displacements on the transverse
plane in symptomatic patients, as assessed with CPI [26,37].

When using diagnostic tests, it is crucial to consider both sensitivity and specificity.
Cut-off points maximizing both aspects were significantly higher for CPI than for Modjaw
in all three planes assessed. Additionally, our results suggest higher values for TMD
diagnosis with CPI (vertical plane: 4.3 mm; sagittal plane: 1.95 mm; transversal plane:
1.35 mm) than those reported in the existing literature [26,37]. This discrepancy may be
attributed to most studies focusing on clinically significant differences for orthodontic
treatment planning, rather than TMD diagnosis. Smaller changes may not represent TMD
but still imply significant orthodontic planning adjustments.

Considering the rounded cut-off values for sensitivity and specificity with both tools,
caution should be taken when interpreting the values for CPI due to its limited discrimina-
tory value in detecting TMD, evident from the AUCs. Rounded cut-off points for Modjaw
were 2 mm vertically, 1 mm sagittally, and 0.5 mm transversally. Specificity exceeded
sensitivity in all planes, particularly vertically and transversally (95.28% and 93.40%, re-
spectively), indicating low false-positive rates for values below 2 mm vertically and 0.5 mm
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transversally. The highest sensitivity was observed transversally, with a true positive rate
of 66.67% for values above 0.5 mm. Importantly, the clinical utility of these tools should
not be overstated. The thresholds established in this study reflect Modjaw’s ability to
identify discrepancies relevant to orthodontic treatment planning rather than TMD diagno-
sis. Therefore, the rounded cut-off values presented for Modjaw could be clinically used
to exclude TMD risk but not to confirm a positive diagnosis. These findings align with
the growing consensus that TMD diagnosis requires a multifaceted approach, including
clinical examination and validated questionnaires, rather than relying solely on imaging
or instrumental data. No comparative studies are available, needing further research and
study replication for validation.

This study focused on an orthodontic population, so its findings cannot be directly
applied to edentulous patients, who may have different occlusal and neuromuscular
adaptations. Further research should assess the use of Modjaw in prosthodontic planning
and post-rehabilitation evaluations for edentulous cases.

The results of this investigation lead us to reject the null hypothesis that “there are no
statistically significant differences between condylar position assessed with CPI or Modjaw”
and to accept the null hypothesis that “condylar discrepancies have no diagnostic value
for TMD”.

The clinical implications of these findings suggest that Modjaw can be used more
effectively than conventional CPI for functional diagnosis in orthodontics. It can also be
used to assist in screening patients for TMD, excluding that diagnosis in patients who
present with condylar discrepancy values below the cut-off values determined in this
investigation. Moreover, Modjaw presents as a useful tool to determine the functional
occlusion, which should be used while diagnosing and treatment planning on these patients.
Nevertheless, DC-TMD questionnaires and a thorough clinical exam should be routinely
performed and used for TMD diagnosis [2].

5. Conclusions
The lack of correlation between CPI and Modjaw measurements underscores the

need for dynamic assessments in modern orthodontics and prosthodontics. This study
highlights the limitations of CPI and Modjaw in diagnosing TMD. Modjaw demonstrated
superior performance compared to CPI but still lacked the sensitivity necessary for reli-
able TMD diagnosis. Both tools are more suited for assessing condylar discrepancies in
treatment planning than for clinical TMD diagnostics. Threshold values established for
Modjaw—2 mm (vertical), 1 mm (sagittal), and 0.5 mm (transversal)—may serve as ref-
erence points for clinical applications but should not be used for TMD screening. Fur-
ther research is required to confirm these findings and explore their implications for
clinical practice.
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Abbreviations
The following abbreviations are used in this manuscript:

TMJ temporomandibular joint
TMD temporomandibular disorders
CR centric relation
CO centric occlusion
MI maximum intercuspation
MJ Modjaw
CPI condylar position indicator
SAG sagittal
VERT vertical
TRANS transverse
L left
R right
ROC receiver operating characteristic
AUC area under the curve
ICC intraclass correlation coefficient

Appendix A. Measurement Error Analysis for Repeated Measurements
(n = 30)

1st Measurement Repetition
p-Value ICC

Mean (SD) Mean (SD)

CPI
Vertical right 2.19 (1.54) 2.19 (1.52) 0.846 0.998
Sagittal right −2.02 (1.21) −2.02 (1.19) 0.851 0.997
Vertical left 3.01 (1.45) 3.02 (1.45) 0.558 0.999
Sagittal left −2.16 (1.37) −2.12 (1.35) 0.130 0.997
Transversal −0.75 (0.95) −0.78 (0.95) 0.129 0.996

Modjaw
Vertical right 0.08 (1.01) 0.14 (1.22) 0.227 0.967
Sagittal right −0.33 (0.79) −0.30 (1.07) 0.646 0.910
Vertical left −0.01 (0.74) −0.05 (0.91) 0.502 0.945
Sagittal left −0.39 (0.75) −0.39 (0.90) 0.927 0.971
Transversal 0.10 (0.72) 0.13 (0.80) 0.326 0.981

p: paired Student’s t-test significance value; ICC: intraclass correlation coefficient.
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25. Tegnander, T.; Chladek, G.A.-O.; Hovland, A.; Żmudzki, J.A.-O.; Wojtek, P. Relationship between Clinical Symptoms and
Magnetic Resonance Imaging in Temporomandibular Disorder (TMD) Patients Utilizing the Piper MRI Diagnostic System. J. Clin.
Med. 2021, 10, 4698. [CrossRef]

26. Weffort, S.Y.; de Fantini, S.M. Condylar displacement between centric relation and maximum intercuspation in symptomatic and
asymptomatic individuals. Angle Orthod. 2010, 80, 835–842. [CrossRef]

27. Fantini, S.; Paiva, J.; Rino, J.; Dominguez, G.; Abrão, J.; Vigoritto, J. Increase of condylar displacement between centric relation
and maximal habitual intercuspation after occlusal splint therapy. Braz. Oral Res. 2005, 19, 176–182. [CrossRef]

28. Kordass, B.; Gartner, C.; Sohnel, A.; Bisler, A.; Voß, G.; Bockholt, U.; Seipel, S. The virtual articulator in dentistry: Concept and
development. Dent. Clin. N. Am. 2002, 46, 493–506. [CrossRef]

https://doi.org/10.1111/joor.13553
https://doi.org/10.1016/j.prosdent.2016.12.001
https://doi.org/10.1016/S0889-5406(95)90000-4
https://doi.org/10.1038/ijos.2015.44
https://doi.org/10.1111/jopr.13989
https://doi.org/10.1080/08869634.2021.2000790
https://doi.org/10.1016/j.prosdent.2022.08.036
https://doi.org/10.1016/j.prosdent.2022.12.007
https://doi.org/10.1016/j.jdent.2023.104478
https://doi.org/10.1016/j.prosdent.2022.03.035
https://doi.org/10.1016/j.prosdent.2014.04.029
https://doi.org/10.1111/joor.12521
https://doi.org/10.1111/jopr.13953
https://doi.org/10.1007/s00784-020-03710-w
https://doi.org/10.2319/051015-318.1
https://doi.org/10.11607/jop.1151
https://doi.org/10.1186/s40463-016-0144-4
https://doi.org/10.3390/jcm10204698
https://doi.org/10.2319/090909-510.1
https://doi.org/10.1590/S1806-83242005000300004
https://doi.org/10.1016/S0011-8532(02)00006-X


Prosthesis 2025, 7, 40 12 of 12

29. Camci, H.; Salmanpour, F. A new technique for testing accuracy and sensitivity of digital bite registration: A prospective
comparative study. Int. Orthod. 2021, 19, 425–432. [CrossRef]

30. Cohen, J.F.; Korevaar, D.A.; Altman, D.G.; Bruns, D.E.; Gatsonis, C.A.; Hooft, L.; Irwig, L.; Levine, D.; Reitsma, J.B.; de Vet, H.C.;
et al. Stard 2015 guidelines for reporting diagnostic accuracy studies: Explanation and elaboration. BMJ Open 2016, 6, e012799.
[CrossRef]

31. Schmitt, M.; Kulbersh, R.; Freeland, T.; Bever, K.; Pink, F. Reproducibility of the Roth Power Centric in Determining Centric
Relation. Semin. Orthod. 2003, 9, 102–108. [CrossRef]

32. Fleiss, J. The Design and Analysis of Clinical Experiments; Wiley Classics Library Edition: Hoboken, NJ, USA, 1999.
33. Cohen, J. A power primer. Psychol. Bull. 1992, 112, 155–159. [CrossRef] [PubMed]
34. Bujang, M. An elaboration on sample size determination for correlations based on effect sizes and confidence interval width: A

guide for researchers. Restor. Dent. Endod. 2024, 49, e21. [CrossRef] [PubMed]
35. Akobeng, A.K. Understanding diagnostic tests 1: Sensitivity, specificity and predictive values. Acta Paediatr. 2007, 96, 338–341.

[CrossRef]
36. Fletcher, R.H.; Fletcher, S.W.; Fletcher, G.S. Clinical Epidemiology: The Essentials, 5th ed.; Lippincott Williams & Wilkins:

Philadelphia, PA, USA, 2014.
37. Girardot, R.A., Jr. Comparison of condylar position in hyperdivergent and hypodivergent facial skeletal types. Angle Orthod.

2001, 71, 240–246.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.ortho.2021.06.008
https://doi.org/10.1136/bmjopen-2016-012799
https://doi.org/10.1053/sodo.2003.34031
https://doi.org/10.1037/0033-2909.112.1.155
https://www.ncbi.nlm.nih.gov/pubmed/19565683
https://doi.org/10.5395/rde.2024.49.e21
https://www.ncbi.nlm.nih.gov/pubmed/38841381
https://doi.org/10.1111/j.1651-2227.2006.00180.x

	Introduction 
	Materials and Methods 
	Population 
	Diagnostic Tools and Procedures 
	CPI Records 
	Optical Jaw Tracking System (Modjaw) Records 
	Outcome Measures 
	Statistical Analysis 
	Sample Size Estimation 
	Correlation Analysis 
	ROC Curve Analysis 

	Results 
	Correlation Analysis 
	ROC Analysis 

	Discussion 
	Conclusions 
	Appendix A
	References

