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Abstract

Functional diagnostic examinations such as clinical functional 
analysis and manual structural analysis (´orthopedic tests´) 
allow the dentist to establish a structured diagnosis. Previ-
ously, the process of correlating findings with the appropriate 
diagnoses was guided by human thought processes alone. 
The experimental diagnostic randomized controlled trial 
(RCT) in this study investigated whether computer-aided 
diagnosis (CADx) of temporomandibular disorders (TMD) 
offers quality advantages over traditional diagnosis (TRAD).
Subjects and methods: Thirty-nine 5th-year dental students 
(examiners) at a university in Hamburg, Germany, received 
joint training in the diagnosis of TMD by clinical functional 
analysis and manual structural analysis (´orthopedic tests´). This 
study is based on anonymized data from 10 patients who were 
consecutively recruited at a specialized TMJ treatment center. 
The examiners were randomly allocated to two groups. Each 
examiner established a structured diagnosis through a trad-
itional diagnostic method and by computer-aided diagnosis 
(CMDfact 4 functional diagnostics software) of five cases, each 
using the AB/BA crossover design. The diagnoses established 
by each individual examiner were then compared with the cor-
responding reference diagnoses (gold standard) and with those 
of the other examiners. 
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Results: Cohen’s kappa coefficient analysis showed that 
median agreement with the reference diagnoses was signifi-
cantly higher (P < 0.001) with computer assistance (median 
0.692) than without it (0.553). Fleiss’ kappa showed that the 
median interexaminer consistency of diagnoses was signifi-
cantly higher (P < 0.001) with computer assistance (0.497) 
than with traditional diagnostic methods alone (0.271). Like-
wise, the number of false-positive and false-negative diag-
noses was significantly lower with computer assistance 
(P < 0.001).
Conclusions: This study determined that dentists who are 
less experienced and not specialized in dental functional 
diagnostics achieve a significantly better and more consistent 
diagnostic quality with computer assistance by means of the 
system used in this study. Therefore, it seems advisable to 
extend computer-aided diagnostics to further functional 
examination techniques (condylar position analysis and jaw 
motion analysis). 

Keywords: computer-aided diagnostics, temporomandibular 
disorders (TMD), clinical functional analysis, manual struc-
tural analysis, orthopedic tests, randomized controlled trial, 
diagnostic classification, CMDfact
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Introduction

Computer-aided detection (CADe) and computer-aided 
diagnosis (CADx) systems have been successfully imple-
mented in many areas of medicine.1,2 The range of applica-
tions for these technologies has grown tremendously in 
recent decades and now includes the diagnostic imaging of 
malignomas, among other things. Image processing systems 
used in dermatology, for example, analyze dark skin lesions 
and establish diagnoses by means of computer-aided image 
analysis.3-5 Computer-aided triage systems that provide 
diagnostic mapping based on computed tomography (CT) 
angiograms are available for emergency management in car-
diology.6 A new trend is to merge findings from different 
diagnostic sources into one system to support general practi-
tioners in establishing differential diagnoses based on this 
information.7 These systems cannot replace the clinician, 
however.

Digital technology has been successfully adopted in many 
areas of dentistry. It is used, for example, in computer-aided 
impression-taking;8 in the fabrication of restorations at chair-
side9 and in the dental laboratory;10 for digital tooth shade 
determination;11 and for various formats of digital imaging, 
including intraoral dental radiographs,12 panoramic tomogra-
phy,13 and cone beam computed tomography (CBCT).14 
These different techniques are now coalescing in navigated 
dental implantology with subsequent restorative dentistry.15 
Electronic systems for digitally acquired examination findings 
have also been introduced in the fields of periodontology,16 
endometry,17 caries detection technology,18 and instrumental 
motion tracking to provide a basis for individual articulator 
programming.19,20 However, all of the above applications are 
merely systems for the electronic acquisition of examination 
findings – none of them perform computer-aided diagnosis.

In the case of craniomandibular disorders (CMD) and 
temporomandibular disorders (TMD), however, a comput-
er-aided diagnosis system is already available. The diagnosis 
of CMD or TMD is generally established in a given sequence 
of examinations (‘diagnostic cascade’). 
 • First, TMD screening is performed to determine whether 

the patient’s symptoms might be attributable to temporo-
mandibular disorders (TMD). Special software is already 
available for the computer-aided analysis of TMD screen-
ing tests.21 

 • If the screening results are positive, clinical functional 
analysis is generally carried out as the next step.22 Manu-
al structural analysis (´orthopedic tests´) may also be per-
formed as an additional examination, if necessary.23 

The initial diagnosis is established based on the results of 
these examinations. Adequate differentiation of the global 
diagnosis of ‘temporomandibular disorder’ (TMD) or ‘cranio-
mandibular dysfunction’ (CMD) is needed to adequately 
describe and treat the entities.24

Various diagnostic criteria for the classification of TMD 
or CMD have been published.25-28 The diagnostic classifica-
tion used in Germany was developed by specialists from 
several dental schools.29 It was first presented at the annual 
meeting of the German Association for Functional Diagnos-
tics and Therapy (DGFDT) in 2002, and has now been 
adopted as the official diagnostic classification.30 Detailed 
classification criteria have been published for this diagnostic 
classification.29

In practice, this means that the dentist must first gather 
and document all relevant findings and then analyze them 
within the framework of a given diagnostic system to estab-
lish the correct diagnosis or diagnoses and make relevant 
treatment decisions. This baseline data lends itself to input 
into a computer-aided diagnostic system.31 This is precisely 
why software-based systems for the documentation and 
interpretation of the findings from clinical functional analysis 
and manual structural analysis (´orthopedic tests´) have been 
developed and introduced in the past.32-34 Software for the 
semi-automatic generation of examination reports based on 
this data is also available.35 However, studies on the effect of 
using such computer-aided diagnostic systems on the quality 
of TMD diagnoses are still lacking. 

Therefore, the aim of the present study was to develop 
and utilize a replicable study design to measure this effect. 
After establishing reference diagnoses based on anonymized 
patient records and findings from clinical examinations, the 
data were analyzed to determine whether examiners 
achieved better agreement with reference diagnoses with 
computer-aided diagnosis than with traditional diagnostic 
methods.

Materials and methods

Study design

The study was designed as a randomized controlled trial 
(RCT) with an AB/BA crossover design and standardized 
instruction of examiners, who used anonymized clinical 
patient data.

Prior to the investigation, the test conditions were eval-
uated in a pilot study in which 20 dentists diagnosed three 
patients each. Based on the results of this pilot study, test 
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anonymized patient chart, which contained the following 
items:
 • General and specific medical history.
 • Intraoral photographs (high-resolution images printed on 

excellent-quality photographic paper).
 • Panoramic radiographs (high-resolution images printed 

on excellent-quality photographic paper). 
 • Patient’s clinical functional analysis report39 (dentaCon-

cept Verlag; Fig 1a). 
 • Patient’s manual structural analysis report40 (dentaCon-

cept Verlag; Fig 1b).
 • Printout of possible diagnoses within the TMD/CMD 

spectrum, as per the DGFDT diagnostic classification.

Randomization

Of the 40 examiners, 39 participated until the end of the 
study and submitted a consent form to participate in the 
anonymous collection and use of the data; only these 
39  examiners participated in the subsequent diagnostic 
assessments and were included in the analysis. 

The 39 examiners were randomly assigned to one of the 
following test groups:
 • TRAD/CADx (traditional diagnosis first, followed by 

computer-aided diagnosis).
 • CADx/TRAD (computer-aided diagnosis first, followed by 

traditional diagnosis). 

Briefly, each examiner received a sealed randomization enve-
lope. Each envelope contained a slip of paper specifying the 
examiner’s ID number and test group (not legible from out-
side the envelope). To ensure the complete anonymity of 
data collection, each ID number was only disclosed to the 
respective individual examiner. After consultation with a spe-
cialized scientific advisory service (Clinical Trial Center North, 
Hamburg), ethics approval by the competent medical author-
ity was not necessary, provided that complete anonymity of 
the patient data was maintained.

Of the 39 examiners recruited, 19 were assigned to one 
test group and 20 to the other.

parameters were set such as the number of examiners, the 
number of patients, and the time needed to establish the 
diagnosis.

Examiners

Forty dental students from the dental school at the University 
Hospital Hamburg-Eppendorf served as the examiners; all 40 
were at the end of their final year in undergraduate dental 
education. They had maximal clinical experience as under-
graduate students, but until then had no clinical experience 
in diagnosing TMD or CMD. Therefore, the examiners had 
not developed a preference (bias) for either traditional or 
computer-aided diagnosis. 

In the framework of a ‘Dies academicus’ on 16 June 
2017, all examiners received joint training in the interpreta-
tion of the findings from clinical functional analysis and man-
ual structural analysis (´orthopedic tests´). This included the 
attribution of the respective findings to the diagnostic sub-
groups of the classification of TMD or CMD, respectively. 
The training also covered the proper documentation and the 
use of the computer-aided analysis tools. 

Patients

The study included 10 consecutively recruited patients seen 
at a center that was specialized in the diagnosis and treat-
ment of TMD or CMD, respectively. 
 • Inclusion criteria: Differentiated diagnosis of TMD/CMD 

established by clinical functional analysis and manual 
structural analysis (´orthopedic tests´). 

 • Exclusion criteria: Differential diagnoses consistent with 
symptoms mainly suggestive of non-dysfunctional causes 
(eg, tumor or neuralgia), as well as patients suffering 
from dysfunctional pain and TMD/CMD, in which the 
pain disorder overlies the typical TMD-like clinical picture. 

The differentiation and exclusion of cases was performed 
based on the prior identification of patients with ≥ 3 Grade III 
disability according to the Grading Chronic Pain, German 
Version (GCS),36 the German equivalent of the Graded 
Chronic Pain Scale (GCPS).37 Within the scope of the func-
tional diagnostic examinations, all patients completed the 
standard Chronic Pain Questionnaire designed for this pur-
pose (dentaConcept Verlag, Hamburg).38

An anonymized patient chart was compiled for each of 
the 10 patients, and each examiner received a printout of the 
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Fig 1a  
Findings from the 
clinical functional 
analysis for 
patient case 1 
(form equivalent 
to the software 
module CMDsta-
tus, ©dentaCon-
cept Verlag, 
www.dentacon-
cept.de).

Please note: As 
an holistic 
approach, the 
form also 
includes sections 
for the screening 
of orthopedic 
co-factors as well 
as the assess-
ment of the 
co-factors stress, 
anxiety and 
depression. 
These, however, 
constitute 
separate 
diagnostic 
procedures.
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Findings from the 
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analysis (´ortho-
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patient case 1 
(form equivalent 
to the software 
module CMDsta-
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Data collection

During the data collection phase, all examiners diagnosed 
the same 10 patient cases, starting from case 1 to case 10 in 
ascending order. Each examiner had a time limit of 15 min to 
diagnose each case. None of the examiners required the full 
15 min for the assessment. 
 • Cases 1 to 5 were evaluated in the first phase of the study 

by the TRAD/CADx group based on the traditional diag-
nosis assessments, and the CADx/TRAD group by means 
of computer-aided diagnostic assessments. 

 • After completing the first phase, the examiners took a 
20-min ‘washout’ break to reduce the odds of carrying 
over experience from Phase 1 to Phase 2. 

 • In the second assessment phase immediately after the 
break, the TRAD/CADx group examined the data based 
on the computer-aided diagnostics, and the CADx/
TRAD group performed the traditional diagnostic assess-
ments. 

Consolidated Standards of Reporting Trials (CONSORT) 
requires the clear and transparent reporting of randomized 
clinical trials.41 A flow diagram consistent with the CON-
SORT standards42 illustrates the design of this study (Fig 2). 

A second flow diagram illustrates the flow of analysis for 
patient case 1 (Fig 3): 

Dynamic occlusal disharmony

Static occlusal disharmony

Jaw clenching

Tooth grinding

Mandibular adductor muscles

Mandibular abductor muscles

Mandibular protractor muscles

Mandibular retractor muscles

Mandibular laterotractor muscles

Accessory muscles

Arthritis inactive

Arthritis active

Disc displacement with reduction upon jaw opening

Disc displacement without reduction upon jaw opening

Retro-cranial dislocation of condyle

Antero-caudal dislocation of condyle

Capsulitis/Arthralgia

Hypermobility

Condylar luxation

Craniomandibular 
dysfunction (CMD)

Occlusal disharmonies

Myalgia of masticatory muscles

Arthropathies

R/L/R+L

R/L/R+L

R/L/R+L

Fig 1c  Struture of possible dental CMD diagnoses based on the diagnostic classification of the German Society of Craniomandibu-
lar Function and Disorders (DGFDT).29

Eligible participants (n = 40)

Declined to  
participate (n = 1)

Randomized (n = 39)

Group TRAD/CADx  
(n = 20)

Cases 1 to 5  
Traditional

Cases 1 to 5  
Computer-aided

Break for ‘washout’ effect Break for ‘washout’ effect

Group CADx/TRAD  
(n = 19)

Cases 6 to 10  
Traditional

Cases 6 to 10  
Computer-aided

Conversion of raw data Conversion of raw data

Statistical evaluation (n = 390)

Fig 2  Flowchart illustrating the AB/BA crossover design with 
39 participants in two groups.
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Principal investigator of study gives a presentation of 
patient case 2

Participants examine the findings in the case booklet

Principal investigator of study gives a presentation of 
patient case 1

Group TRAD/CADx: 
participants write down 

diagnosis on paper

Group CADx/TRAD: 
participants use CMD-
fact Diagnosis-Pilot to 

select diagnosis

or

Fig 3  Flowchart illustrating the study process for patient case 1.

Your  
participant 
number

Reporting Form for Traditional Diagnostic Method

Your diagnosis:

Patient  
number  
(case number)

Fig 4a (above right) and 
4b (right)   
a) Reporting form 
provided for traditional 
assessment and docu-
mentation of diagnosis. 
b) Exemplary view of the 
CMDfact Diagnosis-Pilot 
software (German 
version) used for the 
computer-aided diagnosis.

a

b

 • First, one of the principal investigators (the senior author) 
gave a presentation-based description of findings on the 
respective case to be assessed, including the patient’s his-
tory, photographs, and radiographs. Identical information 
and findings were included in the illustrated patient chart, 
which was provided to the examiners.

 • After the presentation, each examiner independently 
assessed the findings. 
 – For each case, the examiners established the diagnosis 

and documented the findings depending on their 
group assignment by either the traditional method 
(TRAD) or the computer-aided diagnosis (CADx). For 

the traditional method, they filled out a printed 
reporting form by hand (Fig 4a), while for the com-
puter-aided method they used a digital reporting form 
generated by the CMDfact Diagnosis-Pilot software, 
which they filled out by clicking on the appropriate 
diagnoses (Fig 4b). The software module’s blank 
reporting form is similar to the printed form used for 
the traditional method, in which the clinician estab-
lishes a diagnosis or diagnoses by mental thought 
processes based on the available findings, then writes 
them down by hand on an index card or types the 
information onto a digital patient chart. 
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 – In this study, computer-aided diagnoses were estab-
lished using the CMDfact 4 software suite and its 
CMDstatus, CMDmanu, and CMDfact Diagnosis-Pilot 
modules (dentaConcept Verlag). The patients’ find-
ings from the clinical functional analysis and manual 
structural analysis (´orthopedic tests´) were entered 
into the appropriate software modules (CMDstatus or 
CMDmanu, respectively) prior to the study. The 
CMDfact Diagnosis-Pilot module designates the digi-
tally stored findings to ‘matching’ diagnoses consis-
tent with the DGFDT diagnostic classification, and 
also performs grading and weighting. In so doing, it 
classifies a finding as either a ‘principal matching’ 
symptom that is characteristic of the diagnosis, as a 
‘solely matching’ symptom that at least fits the diag-
nosis, or as a ‘possibly conflicting’ symptom that is 
contradictory to the respective diagnosis.

 • The possible diagnoses are based on the DGFDT diag-
nostic classification, under which the global diagnosis of 
TMD/CMD is divided into three subgroups and 19 initial 
diagnoses (Fig 1c). Occlusal disharmonies (‘occlusopa-
thies’) is a subgroup of four diagnoses always associated 
with bilateral jaw involvement. On the other hand, 
myalgia of masticatory muscles (‘myopathies’) and 
‘arthropathies’ are subgroups comprising six and nine 
diagnoses, respectively; these diagnoses must be differ-
entiated as either ‘right,’ ‘left’ or ‘bilateral,’ because in 
clinical treatment it is important to know whether joint 
complaints are associated with the involvement of the 
right and/or left temporomandibular joint (TMJ).

Reference diagnoses

Before the start of data collection, the principal investigators 
submitted reference diagnoses for each of the 10 patients 
enrolled in the study. The reference diagnoses were estab-
lished using the same patient records that were subsequently 
available to the examiners. Each reference diagnosis was 
converted into binary code individually, using the same 
method by which the data collected from the examiners 
were converted later for analytical purposes (see ‘Analysis’). 
This enabled a later comparison of agreement between the 
examiners’ diagnoses and the reference diagnoses.

Analysis

First, all examiner diagnoses for each patient case were uni-
formly compiled in one table in which every possible diagno-
sis was listed. Code numbers 1 and 0 were used to specify 
whether the examiner had made the diagnosis in question: 
‘1’ = diagnosis established; ‘0’ = diagnosis not confirmed. 

In the next step, the diagnostic assessments collected 
from all 39 examiners for all 10 patients (five by traditional 
diagnosis and five by computer-aided diagnosis) were con-
verted into uniform, 49-digit strings. The first 19 digits rep-
resented the 19 possible diagnoses, and the next two sets 
of 15 digits each specified the affected side (right or left) in 
the case of diagnoses requiring lateral differentiation (eg, 
0110111101000000010(R)111101000000010(L) 
110001000000010). Figure 5 shows an excerpt of the data 
for cases 1 to 5, as assessed by examiners 1 and 2. Overall, the 
examiners produced a total of 195 traditional diagnoses and 
195 computer-aided diagnoses, yielding a total of 390 uni-
form strings, which were included in the statistical analysis.

Fig 5  Exemplary view 
of raw study data in 
binary code used for the 
comparison of traditional 
and computer-aided 
evaluation.
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Statistical analysis

The objective of the statistical analysis was to test the follow-
ing parameters: 
1. Agreement of diagnoses by examiners with reference 

diagnoses: Cohen’s Kappa coefficient43 was used to 
measure interexaminer reliability in terms of the agree-
ment of diagnoses by examiners with the reference diag-
noses by the experienced clinicians (who, in this case, 
served as the ‘second examiners’). This coefficient of 
agreement adjusts pure percentage agreement by the 
expected random agreement between only two possible 
responses (‘Yes’ or ‘No’).44 We then examined the means 
of the two groups for statistically significant differences 
(P < 0.05).

2. Agreement of diagnoses between examiners: Fleiss’ kap-
pa coefficient was used to analyze the consistency within 
the two groups: traditional diagnosis vs computer-aided 
diagnosis. The higher the Fleiss’ kappa, the more likely 
the probability of agreement between diagnoses by dif-
ferent examiners within the same group.45

3. Number of false-positive and false-negative diagnoses 
by test group compared with the reference diagnoses: In 
the third part of the statistical analysis, we analyzed the 
number of examiner diagnoses beyond those specified in 
the reference diagnoses, and the number of missing diag-
noses from those specified in the reference diagnoses in 
each group. We thereby calculated the number of 
false-positive and false-negative diagnoses (compared 
with the reference diagnoses) for each examiner individu-
ally, and the percentage of false-positives and false-nega-
tives relative to the total number of ‘correct’ diagnoses. 
Box plots of the results were subsequently generated for 
all four subgroups. 

The Shapiro-Wilk test was used for the assessment of nor-
mality. The t-test was used to search for significant differenc-
es in normally distributed data. The Mann-Whitney U test 
was used to analyze data that were not normally distributed. 
Statistical analyses were performed using the SigmaStat 4.0 
program package, and graphs were created using SigmaPlot 
13 (Systat Software GmbH, Erkrath, Germany). 

Null and working hypotheses

This study was based on the following null hypothesis:
There is no difference (‘null’ or ‘zero difference’) between 

computer-aided diagnoses and traditional diagnoses in terms of:

 • Agreement of examiner diagnoses with reference diag-
noses. 

 • Agreement of diagnoses between examiners. 
 • Number of false-positive and false-negative diagnoses.

The working hypothesis, on the other hand, assumes that 
the use of computer assistance will result in a greater consist-
ency of examiner diagnoses with reference diagnoses and 
between examiners, but that the ease of clicking on response 
items in the graphical user interface might result in a higher 
number of false-positive diagnoses.

Results

1. Agreement of diagnoses by examiners with reference 
diagnoses: The agreement of diagnoses by the examiners 
with the reference diagnoses was determined by calculating 
Cohen’s kappa (κ) for each case and examiner. Median kappa 
values were then determined for each diagnostic method 
(traditional vs computer-aided diagnosis) across all examiners 
and cases (n = 10). Mathematically, a kappa value of 0 corre-
sponds to random agreement, values ranging from κ = 0.61 
to 0.80 indicate a high probability of agreement, and a value 
of κ = 1 represents perfect agreement.46

Since the Shapiro-Wilk test showed non-normal distribu-
tion (P < 0.05), the Mann-Whitney U test was used to ana-
lyze the data for statistical significance. The median agree-
ment values were κ = 0.553 for traditional diagnosis, and 
κ = 0.692 for computer-aided diagnosis (Fig 6a). The proba-
bility that this difference was due to chance was less than 
0.01% (P < 0.001). 

The individual case results are graphically depicted in box 
and whisker plots, which show that traditional diagnosis 
resulted in a much wider scatter range of κ values than com-
puter-aided diagnosis (Fig 6b). This is also consistent with the 
observed difference in standard deviation for traditional diag-
nosis (0.20) compared with computer-aided diagnosis (0.16).

2. Agreement of diagnoses between examiners: The degree 
of agreement of diagnoses between examiners, as deter-
mined using Fleiss’ kappa (κ), is a measure of consistency of 
the diagnoses established by the examiners.

In this case, the Shapiro-Wilk test of normality was posi-
tive (P = 0.053). Application of the two-tailed t-test yielded a 
Fleiss’ kappa value of κ = 0.271 for traditional diagnosis com-
pared with κ = 0.497 for computer-aided diagnosis (Fig 7). 
The probability that the mean-value difference of κ = 0.266 
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was due to a random distribution was less than 0.01% (two-
tailed t-test; P < 0.001).

As shown in the graph (Fig 7), the sizes of the boxes in 
the plots for the two groups are roughly equivalent. However, 

the calculated standard deviation for traditional diagnosis 
was 0.067, which is about twice as large as that for computer- 
aided diagnosis.

Fig 7  Diagnostic agreement between 39 probands. Mean 
values over 10 cases.

Fig 8  Percentage of false-positive and false-negative diagno-
ses. Mean values over 10 cases.
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3. Number of false-positive and false-negative diagnoses: 
Finally, we analyzed the number of false-positive and 
false-negative diagnoses for each examiner regarding com-
puter-aided versus traditional diagnosis. This was done by 
comparing the number of diagnoses specified in the refer-
ence diagnoses for each case with the diagnoses established 
by the examiners in the two different groups. The median 
percentage of false-positive diagnoses was 20% for com-
puter-aided diagnosis and 33.3% for traditional diagnosis. 
The rate of false-negative diagnoses was 0% with comput-
er-aided diagnosis compared with 12.5% with traditional 
diagnosis.

The false-positive and false-negative diagnoses failed the 
Shapiro-Wilk test for normal distribution (P < 0.05). Conse-
quently, agreement between the two distributions was 
examined using the Mann-Whitney U test, which showed 
that the differences in median values between the two 
groups were larger than those for random differences. The 
differences were statistically significant (false-positive diag-
noses: P < 0.01; false-negative diagnoses: P < 0.01).

As shown in the graph (Fig 8), the false-positive diagno-
ses in both traditional and computer-aided diagnosis fell 
within a relatively narrow scatter range. On the other hand, 
the scatter ranges for false-negative diagnoses were wider, 
especially in the case of traditional diagnosis. 

Overall, computer-aided diagnosis was associated with a 
smaller proportion of false-positive and false-negative diag-
noses in terms of both median and scatter range. 

Discussion

Discussion of study design

In this study design, examiners were selected so as to ensure 
that they all had the same uniform base of prior knowledge. 
This measure served to prevent distortion of the results and 
bias due to knowledge inequalities. As a result of the rand-
omization method, this study design comes close to the RCT 
principle. 

Regarding blinding, it was technically impossible to blind 
the examiners to the method because they had to know 
whether to establish the diagnosis by the traditional or the 
computer-aided method when performing the assessments. 
However, computer analysis of the data was performed in 
order to keep bias from entering into the analysis of the 
results of the diagnostic assessments. 

The study population reflects clinical reality because it 
consists of consecutively recruited real patients. 

The diagnostic classification used in this study was cho-
sen because it is suggested by the DGFDT, one of the 
world’s largest specialist dental associations in this field. 
This DGFDT system was also suitable for our research ques-
tion because it meets the basic requirements for such appli-
cations: It is a published, replicable, and clear system for 
linking findings to diagnoses. Thus, the diagnostic classifi-
cation was also appropriate for the research question in this 
study – apart from being suggested for the task by the 
applicable scientific association anyway. In principle, the 
choice of the diagnostic classification is of no significance to 
the subject investigated in this study, as long as a system to 
allocate findings to diagnoses or sub-diagnoses is published 
and thus provides appropriate instructions for establishing 
reproducible diagnoses. 

The low level of experience of the examiners in the diag-
nosis and treatment of TMD or CMD, respectively, is a 
potential limitation of the study design. However, this pre-
requisite was the only conceivable way to ensure that the 
examiners had a uniform knowledge base without bias 
attributable to one-sided experience. 

The AB/BA crossover design was used in this study to 
prevent distortion of the results due to learning effects. This 
ensured that the learning effects in one group (eg, the trad-
itional diagnosis group) were compensated for as far as pos-
sible by the simultaneous learning success of the other group 
using the other diagnostic method. 

The number of patients (n = 10) was relatively small at 
first view. This was not restricted by the number of patients 
available. Instead, the amount of time required to train the 
examiners and to review the extensive findings with them, as 
well as the time required for the examiners to perform the 
diagnostic assessments, did not allow for a larger number of 
patients. However, even with this small number of patients, 
the difference between the test groups was so distinct that 
the number of patients was sufficient to answer the research 
question in the end.

Discussion of the results

Regarding the findings, it is striking that significant differenc-
es between the two diagnostic methods were found in all of 
the analyses performed. Specifically, computer-aided diagno-
sis resulted in clearly better results in terms of agreement of 
the diagnoses of the individual examiners with the reference 
diagnoses (gold standard) and with the diagnoses of other 
examiners. Hence, the findings demonstrate the superior 
quality of computer-aided diagnosis as well as provide evi-
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dence of the consistency of diagnoses established using the 
chosen diagnostic classification. 

Future trials could use the same study design to check 
whether this also applies to the same extent to other diag-
nostic classifications that are commonly used in research, eg, 
the Research Diagnostic Criteria for Temporomandibular Dis-
orders (RDC/TMD),26 and its successor, the Diagnostic Cri-
teria for Temporomandibular Disorders (DC/TMD).27

Surprisingly, the results of the study did not confirm the 
authors’ assumption that computer-aided diagnosis might 
lead to more false-positive diagnoses; to the contrary, the 
number of false-positive diagnoses was even smaller in the 
computer-aided diagnosis group. Therefore, the option to 
simply click on a diagnosis does not lead to more false-posi-
tive diagnoses. 

Regarding the overall agreement with the reference 
diagnoses, a considerable difference also remained in the 
case of the superior group of diagnoses established using 
computer assistance. This might be due to the lack of clini-
cal experience of the examiners. The authors believe that 
closer agreement with the reference diagnoses may be 
achieved by repeating the study with more experienced 
examiners. Furthermore, the study design required the 
examiners to make a diagnosis for each side separately. 
This is very demanding as, especially in myopathy, differ-
ent levels of symptom intensity (discomfort or real pain) 
lead to the respective diagnosis. Also, results from two dif-
ferent kinds of clinical investigations together served as 
the basis for establishing the diagnosis, which can be con-
fusing. Nonetheless, the results demonstrate that even 
with this complication, the inexperienced examiners made 
far more accurate diagnoses when using computer assis-
tance. 

Clinical perspective

In clinical practice, however, dentists face the challenge of 
processing a much larger set of data, as findings from later 
diagnostic studies such as instrumental functional analysis 
(eg, condylar position analysis and instrumental jaw motion 
analysis) and perhaps also magnetic resonance imaging 
(MRI) are added to the data pool as needed over time. A 
compatible concept for the standardized assessment of 
instrumental analyses of jaw movements47 is already avail-
able and recognized.48 Therefore, a computer-aided system 
that integrates these results can be expected to have even 
greater diagnostic benefit.

Conclusions

The system for computer-aided diagnosis in dental functional 
analysis investigated in the present study facilitates the 
establishment of correct diagnoses, even by dentists who are 
not specialized in this field. 

Since the established diagnoses are the basis for deciding 
which type of functional therapy to perform, it can be 
expected that better and more consistent diagnoses will lead 
to better treatment outcomes.

The present findings suggest that the quality of diagnoses 
established with computer assistance is far superior. In view of 
these findings, it would be desirable to extend the existing sys-
tem to include the findings of instrumental functional diagnos-
tics, such as instrumental motion analysis of the mandible, con-
dylar position analysis, and diagnostic imaging of the TMJs.
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Qualitätsverbesserung zahnärztlich-funktionsanalytischer Diagnostik durch 
computerassistierte Diagnosestellung: Eine randomisierte kontrollierte Studie

Schlüsselwörter: computerassistierte Diagnostik, kraniomandibuläre Dysfunktion (CMD), klinische Funktionsanalyse, 
manuelle Strukturanalyse, randomisierte kontrollierte Studie, Diagnoseschema, CMDfact,

Zusammenfassung

Die funktionsanalytischen Untersuchungen „Klinische Funktionsanalyse“ und „Manuelle Strukturanalyse“ münden in der 
Stellung qualifizierter Diagnosen. Bislang erfolgt dies durch gedankliche Zuordnung von Befunden zu Diagnosen. In dieser 
randomisierten kontrollierten experimentellen Diagnostikstudie wurde geprüft, ob die computer-assistierte Diagnostik bei 
kraniomandibulärer Dysfunktion (CMD) Qualitätsvorteile gegenüber der traditionellen Diagnosestellung bringt.
Probanden und Methode: 39 Hamburger Zahnmedizinstudenten im fünften Studienjahr (Probanden) erhielten eine gemein-
same Instruktion in die Diagnosestellung nach klinischer Funktionsanalyse und manueller Strukturanalyse. Studiengrundlage 
waren die anonymisierten Befunde von zehn aus einem Schwerpunktzentrum konsekutiv rekrutierten Patienten. Die Pro-
banden wurden in zwei Gruppen randomisiert aufgeteilt. Jeder Proband wertete anschließend im AB/BA-Design jeweils 
fünf Patientenfälle mit traditionellem Vorgehen und fünf Fälle computerassistiert mit der Software CMDfact 4 aus. Die 
Diagnosen wurden anschließend mit Fall-Muster-Lösungen (Goldstandard) und untereinander verglichen. 
Ergebnisse: Bei der Auswertung nach Cohens Kappa waren die Übereinstimmungen mit den Musterlösungen bei com-
puterassistierter Diagnostik (Median 0,692) signifikant höher (p < 0,001) als ohne (0,553). Die Auswertung nach Fleiss’ 
Kappa zeigte, dass auch die Konsistenz der Diagnosestellung zwischen den Probanden computerassistiert (Mittelwert 
0,497) signifikant (p < 0,001) über den Werten für das traditionelle Verfahren lag (0,271). Auch die Anzahl falsch-posi-
tiver und falsch-negativer Diagnosen war bei der computerassistierten Diagnostik signifikant geringer (p < 0,001).
Schlussfolgerung: Die Studie zeigt, dass Zahnärzte mit weniger Erfahrung und/oder ohne Spezialisierung in zahnärzt-
licher Funktionsdiagnostik bei computerassistierter Diagnosestellung eine deutlich bessere und konsistentere Diagnose-
qualität erreichen. Es erscheint daher sinnvoll, Befunde weiterer Untersuchungen (Kondylenpositionsanalyse, Bewe-
gungsanalyse) in die computerassistierte Auswertung einzubeziehen. 


