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Abstract

INTRODUCTION. Computerized axiography with the CADIAX family of devices (Gamma Dental, Austria) is
widely used to locate the kinematic transverse horizontal axis and to derive sagittal condylar inclination (SCI)
and Bennett angle (BA) for articulator programming and temporomandibular joint diagnostics. This review
appraised the measurement properties of CADIAX devices: technical accuracy, reliability, agreement with
alternative recording methods, and diagnostic or discriminative validity.

MATERIALS AND METHODS. The review followed PRISMA 2020. PubMed (four search strings), Consensus
and Google Scholar were searched from 1 January 2000 to 2 September 2026, supplemented by citation
searching. Eligible studies used any CADIAX-family axiograph (Cadiax Ill, Compact, Compact 2, Diagnos-
tic, Cadiax 4) and reported at least one measurement property. Risk of bias was assessed with QUADAS-2
for diagnostic accuracy studies, the COSMIN reliability and criterion validity standards for reliability and
agreement studies, and a QUIN-adapted checklist for in vitro studies. Findings were synthesized narratively
because of heterogeneity in designs, parameters and reference standards.

RESULTS. Of 562 records, 29 studies (30 reports) were included: 4 in vitro accuracy studies, 8 reliability
studies, 9 agreement studies and 8 diagnostic or known-groups validity studies. On articulators with pre-
set values the mean error of Cadiax Compact devices was about 1.2° (maximum 2.5° to 3.4°). Test-retest
reliability of SCI was consistently excellent (ICC 0.97 to 0.98 at 3 and 5 mm), BA reliability was lower but
still above 0.90 in recent studies, whereas transverse parameters showed poor reliability in one multilevel
analysis. Mounting method changed mean SCI by up to 10°. Compared with MODJAW, SCI recorded by
CADIAX was systematically lower (mean difference 5.9°, 95% CI 3.9 to 8.2), with wider discrepancies at
3 mm than at 5 mm. Compared with Zebris JMA, SCl was comparable once the reference plane was harmo-
nized, whereas BA differed. Against MRI, the sensitivity for disc displacement ranged from 27% to 85% and
specificity was 95% in the only study with a prospective reference standard. Case-control studies showed
that qualitative kinematic abnormalities, not ranges of motion, separated patients with myogenous TMD or
migraine from controls.

CONCLUSION. CADIAX axiography is a technically accurate and highly repeatable method for recording SCI
and the kinematic hinge axis, provided a paraocclusal mounting is used. Its numerical outputs are not inter-
changeable with those of optical or ultrasonic systems without device-specific correction, and its diagnostic
accuracy for internal derangement is insufficient to replace MRI. The evidence base consists of small sin-
gle-center studies with heterogeneous protocols; multicenter studies with blinded reference standards and
standardized reference planes are needed.
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U3MepuTenbHble XapaKTepUCTUKHU

KOMMbloTepu3npoBaHHOM akcuorpa¢dum CADIAX

ANA OLEeHKU LWAPHUPHOW OCU U TPAEKTOPUU ABUXKEHUA MbllLesIKa:
cucTeMaTuuecKkuii 0630p TexHMUECKOW TOUHOCTU, HAAEXKHOCTH,
COrJ1IacCOBAHHOCTU C ONTUUYECKUMU U Y/IbTPA3BYKOBbIMU CUCTEMAMMU
perMcTpauum ABMXEHUNA HUXKHEN YeniocTm

M AMArHOCTUYECKOWU BaJIMQHOCTHU

3.C. Xabapgze(”, E.C. Wungaesa(> >, P.A. Mepemkynos(>, H.A. onxukos (>,
A.®. Pacynoea(’, H.A. XauaTpau(>, 3.M. Kakabapn3ze (>, 3.M. CyneiimaHoBa

Poccuinckuii yHrnBepcuTeT Apyx6bl Hapoaos UM. MNatpuca Jlymymbsl, . Mocksa, Poccniickaa degepauns
< Shilyaeva-es@rudn.ru

Pe3ioMe

BBEAEHUWE. KomnbloTepuaupoBaHHasa akcmorpadusa ¢ Mcnonb3oBaHMEM YCTPoUCTB cemerictea CADIAX
(Gamma Dental, ABCTpuS) WUMPOKO NMPUMEHSeTca ANS onpenefieHns KMHeMaTu4eckor nonepeyHon ropu-
30HTaNIbHOM OCWU, a TakXe ANs onpeaeneHns carutTanbHOro HakoHa cyctasHoro nytn (SCI) n yrna beHHeTa
(BA) npy nporpaMmmMunpoBaHnm apTUKYASTOPOB U ANArHOCTUKE 3a601EBAHMIN BUCOYHO-HMKHEYENOCTHONO CY-
cTaBa. B HacTosawwem 0630pe npoBeaeHa OLLEHKA U3BMEPUTESbHBIX XapakTepucTuk ycTponcts CADIAX, Bkto-
Yyas TEXHUYECKYI TOYHOCTb, HAAEXHOCTb, COrNacOBaHHOCTb C albTEPHATMBHLIMU METOA4AMMU PErNCTPaLLUAN,
a TakXe ANarHoCTUYECKY N AUCKPUMUHAHTHYIO BaNnAHOCTb.

MATEPUAJIbI N METOAbl. O630p BbINOMHEH B COOTBETCTBUKU C pekomMeHaaumamu PRISMA 2020. Mowuck
B 6a3ax PubMed (no 4eTbipem nonckosbiM cTpaTeruam), Consensus n Google Scholar nposoguncsa ¢ 1 aH-
Baps 2000 r. no 2 ceHTa6psa 2026 r. 1 OblA ONOSHEH MOUCKOM Mo bubnmorpaduyecknum ceolikam. B 0630p
BKJIIOYEHbI UCCNEA0BaHUS, B KOTOPbIX MCMNonb3oBancsa nobon akcmorpad cemeinctesa CADIAX (Cadiax Il
Compact, Compact 2, Diagnostic, Cadiax 4) n oueHnBanocb Kak MUHUMYM OOHO U3MEPUTENIbHOE CBOMCTRO.
Puck cuctemaTtunyeckoi owmbkm oueHmMBann ¢ ucnonb3oBaHmem MHcTpymeHta QUADAS-2 ana uccnenosa-
HUI AnMarHocTUYecKor To4HocTn, ctTaHgapToB COSMIN ons oueHKn HagexXHoOCTU 1 KpuTepuanbHOM Banua-
HOCTU B ICCNEO0BaAHNAX HAAEXHOCTWN U COrNacoBaHHOCTU, a TakXKe aAanTUPOBAHHOMO KOHTPOJIbHOIO nepey-
Ha QUIN onsa nccnepoBaHnuii in vitro. Peaynbrartbl 66111 0600LLEeHbl ONUcaTenbHO B CBA3U C HEOAHOPOAHO-
CTblO An3ariHa nccnegoBaHu, oLeHMBaAEMbIX NApPaMeTPOB U pePEPEHTHbLIX CTaHOAPTOB.

PE3YJIbTATbI. N3 562 BbISIBIEHHbIX 3annceli B 0630p 6bin BktoYeHbl 29 nccnenosanuin (30 nybnmkaunii):
4 nccnefoBaHUA TEXHUYECKOM TOYHOCTHU in vitro, 8 nccnegoBanuin HagexHocTn, 9 nccnepoBaHuin corna-
COBAHHOCTU 1 8 nccnenoBaHUn ANArHOCTUYECKOM UM BaJIMAHOCTUN U3BECTHbIX rpynn. MNpun ncnonb3osa-
HUW apTUKYNATOPOB C 3aAaHHbIMU pedePEHTHBIMU 3HAYEHNAMU CPEAHAN NOrPELIHOCTbL ycTponcTs Cadiax
Compact coctaBnsna okono 1,2°, a makcumanbHas NorpewHocTb — oT 2,5° oo 3,4°. TecT-peTecToBas Ha-
nexHocTb onpeaeneHus SCl 6oina ctabunbHo Bbicokon (ICC 0,97-0,98 npu 3 n 5 mMm), TOorga Kak Hagex-
HOCTb onpeaeneHns BA 6bina HUXe, HO B He4aBHUX UCCeaoBaHUAX ocTaBanach Beiwe 0,90. B ogHOM MHO-
roypoBHEBOM aHaNn3e Ans nonepeyHblx napameTpoB Oblfia BbiiBleHa HM3Kas HaaeXxHocTb. Metoa duk-
cauuu npmBoaun K uameHeHuto cpegHero aHadeHuns SCI gpo 10°. Mo cpaBHeHuto ¢ MODJAW 3HaveHus SCI,
3aperncTpupoBaHHblie ¢ nomolblo CADIAX, cuctemaTmnyieckun 6binmn HUXe (CpeaHss pasHmua 5,9°; 95% AN
3,9-8,2°), npuyem pacxoxaeHus obinv 6onee BblpaXeHHbIMM Npyn 3 MM, 4emM nNpu 5 Mm. Mpu cpaBHEHUN
¢ Zebris JMA 3Ha4veHus SCI 66111 conocTaBUMbIMU MOCe cTaHaapTM3aunm pedepeHTHOM NN0CKOCTU, Tor-
[a KakK 3Ha4yeHuns BA pasnunyanuce. Npu cpaBHeHun ¢ MPT 4yBCTBUTENBLHOCTb METO4A B OTHOLWIEHWN Bbl-
ABIEHNS CMELLEHMSA CYyCTaBHOIo amncka sapbupoBana ot 27 oo 85 %, a cneundunyHocTb coctaBmna 95 %
B €4WHCTBEHHOM WCCNEAOBaHMN C NPOCMNEKTUBHLIM pedepeHTHbIM cTaHgapTom. Mccneposanus tuna
«CJIy4aN—KOHTPO/b» NoKasanan, YTO NauyMeHTOB C MUOTeHHbIMU BUCOYHO-HUXHEYENIOCTHBIMU PACCTPON-
CTBaMM MW MUTPEHbBIO OT KOHTPOJIBHOW FPynnbl OTAINYANN KaYEeCTBEHHbIE KNHEMATUYECKME HAPYLLEHWS,
a He AnanasOoHbl ABMXEHUIA.

SAKJTIOYEHUME. Akcuorpadpua CADIAX aBnseTcs TEXHUYECKM TOYHBIM U BbICOKOMOBTOPSIEMbIM METOAOM
pernctpaumm SCl n KNHeEMaTNYECKON LIAPHMPHOW OCK, NPU YCIIOBUM MCNOJSIb30BaHUSA NAapaokKKl03UOHHOMN
dukcaummn. OgHAKO 4YMCNOBbIE MOKa3aTenn, nosy4vyeHHole ¢ nomowbio CADIAX, Henb3s HENOCPEACTBEHHO
COMNOCTaBNATb C pe3ynbTaTaMn ONTUYECKUX UK YbTPA3BYKOBbLIX CUCTEM PErUCTPaLUM ABUXEHUIA HUXHEN
yenocTtn 6e3 cneumanbHON KOPPEKLUM ANt KOHKPETHOrO YCTPOWCTBA; KPOME TOro, AMarHoCTMYeckas Toy-
HOCTb MeToAa Npu BHYTPeHHUX HapyweHusax BHYC HepocTaTtouHa ana 3amersl MPT. [loka3aTenbHasa 6a3a
npencrasieHa NPenMyLLECTBEHHO HEDOObLUVMMUM OOHOLEHTPOBBLIMU NCCNEA0BaHUSAMN C HEOAHOPOAHLIMU
NpPOoTOKOoaMK; He0BX0AMMbI MHOFOLEHTPOBbLIE NCCIeA0BaHNS C UCNOSIb30BaHNEM OCNENIEHHbIX pedepeHT-
HbIX CTaHAAPTOB N CTAaHAAPTU3NPOBaHHbIX PEPEPEHTHLIX MIOCKOCTEN.

KnwueBble cnoBa: KOMNblOTEPM3MpPOBaHHasa akcuorpadpus, CADIAX, wapHUpHas OoCb, carnTTanbHbIA Ha-
KJZIOH CyCTaBHOro nyTu, yron beHHeTa, peructpauusa ABMxXeHun HmxHen yentoctn, MODJAW, Zebris, Bucou-
HO-HUXXHEYENIOCTHbIE PACCTPOCTBA, CUCTEMATUYECKNI 0630p
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KoH$AUKT nHTepecoB: ABTOPLI coO0OLLa0T 06 OTCYTCTBUN KOHPIMKTA UHTEPECOB.

bnaropapHocTm: CDVIHaHCVIpOBaHVIe nunHanemayalnbHble 6J'IaFO,EI,aDHOCTVI Anga neknapmnpoBaHnNAa OTCYTCTBYIOT.

Ana umtupoBaHusa: Xabanse 3.C., LLUnnaesa E.C., Mepewmkynos P.A., Jonxukos H.A., Pacynosa [.®., Xaua-
TpsiH H.A., Kakabaase 3.M., CynelimaHoBa 3.M. NamepuTenbHble XapakTePUCTUKM KOMIMbIOTEPU3NPOBAHHOM
akcunorpadpum CADIAX ons oueHKM LWapHUPHOM OCU N TPAeKTOPUM OBMXEHUS MbILLESIKA: CUCTeMaTUYECKUIA
00630p TEXHMYECKOW TOYHOCTWU, HAAEXHOCTWN, COraCOBaHHOCTU C OMTUYECKUMU U YIbTPA3BYKOBLIMU CU-
CTEMaMU perncTpaummn ABMXKXEHNA HUXKHEN YENMIOCTN U ONArHOCTUYECKON BaNnMAHOCTU. IHA40A0HTUS Today.
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INTRODUCTION

The transverse horizontal axis of the mandible, also
called the terminal hinge axis, is a construct that under-
pins mechanical and virtual articulation. It is defined as
the imaginary line through both condyles around which
the mandible rotates during the initial phase of ope-
ning, and its position is used to transfer the maxillary
cast, to program the condylar elements of an articulator
and to register the reference position of the joints [1; 2].
Errors in axis location propagate into occlusal errors
that grow with the distance between the axis and the
incisal edge, and they become clinically relevant when-
ever the vertical dimension is changed on the articu-
lator [3]. Whether a pure rotation around a fixed axis
exists at all has been questioned by kinematic model-
ling and, more recently, by in vivo tracking registered
to computed tomography [2; 4]. This debate does not
remove the practical need for a reproducible reference
axis, but it does set limits on what any recording device
can claim to measure.

Computerized axiography was introduced in the
late 1980s as the electronic successor of mechani-
cal pantography. The CADIAX system (Gamma Dental,
Klosterneuburg, Austria) records the movement of styli
attached to a mandibular facebow relative to measu-
ring flags fixed to a cranial bow. The system locates the
kinematic hinge axis through small opening and closing
movements, then records border and functional move-
ments of both condyles with six degrees of freedom [5].
Over three decades the hardware has evolved from
Cadiax lll through Cadiax Compact, Cadiax Compact 2
and Cadiax Diagnostic to the current Cadiax 4, while the
software has remained centred on the same parame-
ters: sagittal condylar inclination (SCI), transversal con-
dylar inclination or Bennett angle (BA), condylar path
length, symmetry and time curves. Because the styli sit
near the joint, CADIAX is often treated as the reference
instrument when newer optical (MODJAW, Modjaw SAS,
France) or ultrasonic and optical (Jaw Motion Analyser,
Zebris Medical, Germany) trackers are validated [6; 7].

Recent systematic reviews have addressed jaw
tracking technologies broadly [8-10], the methods
available for measuring the sagittal condylar guidance
angle [11], and the value of kinesiography relative to
MRI [12]. None of them appraised the CADIAX family
as a distinct index instrument across its measurement
properties, and none reported search strategies that
combined the device name with the older terms “com-
puterized axiography” and “electronic axiography”
used before 2010. As a result, evidence on the techni-
cal accuracy of the device on articulators, on its test-

retest reliability in patients with different dentitions, on
the influence of mounting and clutch design, and on
its agreement with optical systems is scattered across
prosthodontic, orthodontic and craniomandibular
journals.

PURPOSE

The aim of this systematic review was to synthe-
size the evidence on four measurement properties of
CADIAX computerized axiography: (i) technical accu-
racy on articulators with known settings, (ii) reliability
of SCI, BA and qualitative tracing evaluation in vivo,
(iii) agreement of CADIAX parameters with mechani-
cal, interocclusal, radiographic, optical and ultrasonic
methods, and (iv) diagnostic accuracy against MRl and
discriminative validity between patients with temporo-
mandibular disorders (TMD) and healthy controls.

MATERIALS AND METHODS

Protocol and Reporting

The review was conducted and reported accord-
ing to the PRISMA 2020 statement [13]. The protocol
was drafted before the searches and is available from
the corresponding author; it was not registered in
PROSPERO. The review question was framed in PICO
terms: population, human participants (any age, den-
tate or edentulous, with or without TMD) or articulator-
based in vitro models; index instrument, any CADIAX-
family computerized axiograph; comparators, repeated
CADIAX recordings, other recording methods (mechan-
ical pantography, interocclusal records, panoramic ra-
diography, CBCT, optical or ultrasonic trackers) or a re-
ference standard (MRI, clinical diagnosis); outcomes,
measurement error, intraclass correlation coefficients
(ICC), kappa statistics, mean differences with limits
of agreement, correlation coefficients, sensitivity and
specificity, or between-group differences in kinematic
parameters.

Eligibility Criteria

Primary studies published between 1 January 2000
and 2 September 2026 were eligible if they used
a CADIAX-family device as the index instrument or as
the reference for another device, and reported at least
one of the four measurement properties. In vitro stu-
dies were eligible when the device was tested against
an articulator with preset condylar values. Case-control
studies were eligible when a CADIAX-derived parame-
ter was compared between a clinically defined patient
group and controls, because such comparisons con-
stitute known-groups validity. Studies were excluded if
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the recording device was another system (SAM Axio-
tron or Axiocomp, ARCUSdigma, Zebris, MODJAW,
kinesiographs) without a CADIAX arm; if they were
purely descriptive or normative reports of SCl and BA
in healthy subjects; if they used CADIAX only as an out-
come measure of treatment without repeated or com-
parative measurement; or if they were case reports,
reviews, theses or conference abstracts. No language
restriction was applied at the search stage; non-Eng-
lish records with an English abstract were assessed on
the abstract.

Information Sources and Search Strategy

PubMed was searched on 2 September 2026 with
four strings combining title and abstract terms for the
device and for computerized, electronic or generic axi-
ography (string 1); for jaw motion tracking systems com-
bined with hinge axis, condylar inclination, Bennett an-
gle and measurement-property terms (string 2); for the
hinge axis or transverse horizontal axis with kinematic,
digital or electronic determination (string 3); and for SCI
or BA with digital, electronic, optical or ultrasonic re-
cording (string 4). All strings were limited to the publica-
tion years 2000 to 2026. The full strings and the number
of records retrieved by each are given in Supplementary
Table S1. The Al-assisted engine Consensus (consen-
sus.app) was queried in its full-review mode with two
natural-language questions covering device agreement
and diagnostic accuracy, and the reference lists gene-
rated by the engine were screened. Google Scholar was
searched for the term “Cadiax” combined with reliabi-
lity, accuracy, agreement, MODJAW, Zebris or MRI, re-
stricted to 2015 onward, and the first 50 records were
screened. The reference lists of four key studies pub-
lished after 2021 were hand-searched.

Study Selection and Data Extraction

Records were de-duplicated and screened on title
and abstract against the eligibility criteria. Reports that
passed screening were assessed on the full abstract
and, where the article was open access, on the full text
obtained through Europe PMC. For every included study
the following data were extracted into a predefined ta-
ble: first author and year, country, device model, sample
size and population, comparator or reference standard,
recording protocol (clutch type, reference plane, con-
dylar displacement at which SCl and BA were read), sta-
tistical approach, main quantitative results and a verba-
tim anchor sentence supporting each extracted result.
Where the device model was not stated in the abstract
and the full text was unavailable, the study was retained
only if the research group is documented to have used
CADIAX in contemporaneous publications; otherwise, it
was excluded and listed as “device not confirmable”.

Risk of Bias Assessment

Risk of bias was appraised with instruments
matched to design. Diagnostic accuracy studies were
assessed with QUADAS-2 across patient selection, in-
dex test, reference standard, and flow and timing [14].
Reliability and agreement studies were rated with the

dHdodoHmus
————TLT

COSMIN standards for reliability and criterion validity,
which grade the design as very good, adequate, doubt-
ful or inadequate depending on sample size, interval
between measurements, stability of subjects and the
statistics used [15]. In vitro studies were appraised with
a checklist adapted from the QUIN tool for in vitro dental
research [16], covering the definition of the reference
values, the number of repetitions, operator blinding and
the statistical analysis. Ratings were made by one re-
viewer and checked by a second; disagreements were
resolved by discussion.

Synthesis

Meta-analysis was not undertaken. The included
studies measured different parameters (SCI at 3, 5 or
10 mm, BA, path lengths, qualitative scores), used diffe-
rent reference planes (axis-orbital versus Frankfort hori-
zontal) and different comparators, and several reported
only p values. Results were therefore grouped into the
four measurement-property domains and summarized
in tables with the original point estimates and, where
available, confidence intervals or limits of agreement.

RESULTS

Study Selection

The PubMed strings retrieved 490 records (422 after
internal de-duplication), Consensus produced 22 refe-
rences and Google Scholar 50; citation searching yiel-
ded no additional records. After removal of duplicates,
423 records were screened and 354 were excluded
on title and abstract, mostly because they concerned
radiotherapy jaw tracking, gait or spine analysis with
Zebris platforms, or clinical series without measure-
ment-property data. Sixty-nine reports were assessed
in detail and 39 were excluded, principally because no
CADIAX device was used or the model could not be
confirmed (26 reports), because the study was descrip-
tive, normative or a treatment outcome series without
a measurement property (12 reports), or because the
report was a case report (1 report). Twenty-nine stu-
dies published in 30 reports met the criteria (Fig. 1). The
list of reports excluded at this stage with reasons is pro-
vided in Supplementary Table S2.

Characteristics of Included Studies

The included studies were published between 2002
and 2026, with 13 published in 2020 or later. They
originated from Austria, Germany, Poland, Romania,
Italy, Greece, Croatia, Iran, Saudi Arabia, India, Tur-
key, China, Korea and the United States. Sample sizes
in vivo ranged from 10 to 173 participants; the four in
vitro studies used one to five articulators. The device
model was Cadiax Compact or Compact 2 in 17 stu-
dies, Cadiax 4 or Cadiax Diagnostic in 4, and an earlier
Cadiax or unspecified CADIAX in 8. Four studies were
rated as having a device model that could not be con-
firmed from the abstract and were excluded; two further
studies from the Vienna and Turin groups were retained
because the same groups documented CADIAX use in
adjacent publications [17; 18]. Table 1 summarizes the
included studies by domain.
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Fig. 1. PRISMA 2020 flow diagram of study selection
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Technical Accuracy on Articulators

Four studies tested Cadiax Compact devices on
fully adjustable articulators with preset condylar gui-
dance (Table 2). Celar and Tamaki mounted the Cadiax
compact on an articulator with horizontal condylar incli-
nation (HCI) set at 20°, 40° and 60° and BA at 0° to 20°
and reported maximum errors between 0° and 3.4° with
a mean of 1.2°; the differences from the presets were
statistically significant except for HCI 40° and BA 0° [19].
Chang et al. tested the same device on five articula-
tors and observed that both the dispersion of readings
and the deviation from preset values decreased from
the 3 mm to the 10 mm condylotrack distance, with the
smallest deviations obtained on the Denar Mark Il [20].
Ahangari et al. found that most comparisons between
Cadiax Compact Il readings and the settings of a Re-
ference SL articulator were statistically different, but
the maximum discrepancy was approximately 2.5° [21].
Balch et al. compared the Cadiax Compact 2 with an
optoelectronic pantograph (Freecorder Bluefox) on
a Denar D5A with mock-patient settings; most predicted
condylar values were statistically inaccurate for both
instruments, although lateral condylar inclination and
progressive lateral translation fell within 5° of the known
values [22]. Taken together, the in vitro evidence indica-
tes a systematic but small measurement error of the or-
der of 1° to 3° for SCl and BA, with better accuracy when
the parameter is read at a longer condylar excursion.

Table 1. Included studies by measurement-property domain (n = 29 studies, 30 reports)

Study . . .
(author(s), year) Country Device Sample Design/Comparator Domain
Celar & Tamaki, |Austria Cadiax Compact Articulator, preset HCI In vitro accuracy A
2002 20/40/60°, BA 0 to 20°
Changetal., USA Cadiax Compact 5 articulators, 3/5/10 mm In vitro accuracy A
2004 condylotrack
Ahangarietal., Iran Cadiax Compact Il Reference SL articulator In vitro accuracy A
2012
Balch etal., 2017 | USA Cadiax Compact 2 Denar D5A, mock-patient In vitro accuracy vs Freecorder A

settings Bluefox
Bernhardtetal.,, |Germany Cadiax Compact; 30 adults (subset 10) Test-retest, 2 days; kinematic B
2003 Gamma Cadiax vs arbitrary axis
Petrie etal., 2003 | USA Cadiax Compact 10 adults Test-retest 2 weeks to 1 month; B, C
vs Denar pantograph
Hanetal., 2010 China CADIAX 10 adults Functional occlusal clutch vs B
tray clutch
Schierzetal., Germany Cadiax Compact 2 65 patients (19 dentate, 27 par- | Two sessions x 3 repetitions; B
2014 tially dentate, 19 edentulous) multilevel models
Schierzetal., Germany Cadiax Compact 2 27 adults Three mounting methods; inter- B
2019 session reliability
Ahlers etal., Germany Cadiax compact I 20 TMD patients, 4 examiners | Inter-examiner reproducibility of B
2023 standardized evaluation
Buduru etal., Romania Cadiax 2 vs Modjaw 25 adults, 22to 27y Test-retest 1 week; Bland- B,C
2024 Altman between devices
Manziuc et al., Romania Cadiax Compact 2 17 adults, 20to 30y Three sessions; ICC; Bland- B, C
2025 vs MODJAW Altman
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Table 1 (end)

Study . . .
(author(s), year) Country Device Sample Design/Comparator Domain
Wagner et al., Austria Conventional axiograph | 10 subjects, 100 tracing pairs | vs optoelectronic axiography C
2003 (Vienna group)

Torabietal., 2014 | Iran Cadiax Compact Il Dentate adults vs wax and silicone protrusive C
records

Nagash et al., SaudiArabia | Cadiax Compact 23 adults, 18t0 30y vs protrusive records and CBCT C

2020

Franklin etal., UK Cadiax 20 subjects Programmed vs unprogrammed C

2010 articulator; excursive contacts

Erden & Karakis, | Turkey Cadiax Compact 2 15 dentate adults vs wax records and panoramic C

2026 tracing

Lepidietal., Italy Cadiax Diagnostic 4 10 patients x 5 records vs Zebris JMA+ Optic; linear C

2023 mixed model

Guetal., 2025 China CADIAX 4 26 adults, 23to 35y vs Zebris JMA (ultrasonic); C
comfort rating

Nigam et al., USA Cadiax Compact 2 15 dentate adults vs MODJAW; SCI 3/5 mm, C

2025 BA3 mm

Cheong etal., USA Cadiax compact 2 12 dentate adults vs MODJAW and average C

2025 values; appliance fit

Sadat-Khonsari | Germany CADIAX 10 dysfunction, Known groups; instantaneous D

etal., 2003 20 asymptomatic centres of rotation

Kraljevic et al., Croatia Gamma Cadiax 51 TMD, 43 controls Known groups; movement D

2003 lengths

Schmid-Schwap | Austria Electronic axiography |33 patients, 45 TMJs vs MRI disc morphology D

etal., 2005 (Vienna group)

Piancino et al., Italy Computed axiography | 173 TMD patients vs MRI; sensitivity, kappa D

2012 (Turin group)

Buduru etal., Romania Cadiax Compact 2 50 patients, 21to 62y vs clinical diagnosis; retrospec- D

2020 tive

Talmaceanu et al., | Romania Cadiax Compact I 33 patients, 66 TMJs vs MRI 1.5T, prospective D

2022

Zokaris et al., Greece Cadiax 4 50 migraine, 50 controls Known groups; qualitative and D

2024 quantitative tracing features

Surowiecki etal., | Poland Cadiax Diagnostic/Ca- | 26 myogenous TMD (DC/TMD), | Known groups; ranges and D

2025 diax 4 26 matched controls qualitative deviations

Note. A —technical accuracy; B - reliability; C — agreement with other methods; D — diagnostic accuracy or known-groups validity.
HCI - horizontal condylar inclination; BA — Bennett angle; SCI — sagittal condylar inclination; TMD — temporomandibular disorders.

Table 2. Technical accuracy of CADIAX devices on articulators with preset condylar values

Study
(author(s), year)

Device

Reference values

Main result

Authors’ conclusion

Celar & Tamaki,
2002

Cadiax Compact

HCI 20°, 40°, 60°;

Maximum error 0 to 3.4°, mean 1.2°;

Reasonable accuracy

BA0°, 5°, 10°, 15°, 20°

significant differences from pre-
sets except HCI 40° and BA 0°

for anterior guidance
restorations

Changetal.,
2004

Cadiax Compact

HCI, immediate and progres-
sive lateral translation, top
and rear wall on 5 articulators

Dispersion and deviation smallest
at 10 mm, largest at 3 mm; smallest

deviations with Denar Mark I

Reliable and valid

Ahangarietal.,

Cadiax Compact

Preset HCl and BA on Refer-

Most comparisons statistically

Accurate and reliable,

Bluefox)

and PMLT within 5°

2012 ence SL different; maximum difference technique-sensitive
about 2.5°

Balch etal., Cadiax Compact2 | Mock-patient settings on Majority of predicted condylar Both electronic panto-

2017 (and Freecorder Denar D5A values statistically inaccurate; LCl | graphs statistically inac-

curate for most settings

Note. LCI - lateral condylar inclination; PMLT — progressive mandibular lateral translation.

dHdodoHmus
————TLT
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Reliability in Vivo

Eight studies addressed reliability (Table 3). The
earliest, by Bernhardt et al., repeated recordings on
two days in 30 young adults and found ICC values
above 0.8 for SCI and transversal condylar inclination
with both the Cadiax Compact and the older Gamma
Cadiax, regardless of whether the axis was located
kinematically or arbitrarily [23]. Two recent Romanian
studies that compared Cadiax with MODJAW provide
the most detailed repeatability data. Buduru et al. re-
corded 25 participants one week apart and reported
ICC values for Cadiax 2 of 0.974 and 0.976 for right and
left SClat 3 mm, 0.972 and 0.982 at 5 mm, and 0.926 to
0.950 for BA [24]. Manziuc et al. obtained intrarater ICC
values above 0.90 for all SCI and BA readings across
three sessions in 17 participants [25].

Reliability was not uniform across parameters and
protocols. Schierz et al. analysed two sessions with
three repetitions each in 65 prosthodontic patients
with multilevel models; subject-specific variance ac-
counted for 75% of the total variance for the sagittal
condylar path angle but only 38% for the transverse
angle, and dentition status (dentate, partially dentate,
edentulous) had no effect [26]. In a later study the same
group tested three mounting methods in 27 adults and
found that mean HCI differed by up to 10° between pa-
raocclusal and periocclusal tray adapters; intersession
reliability of HCI was fair to good only with the paraoc-
clusal adapter, whereas BA reliability was independent
of mounting [27]. Han et al. compared a functional oc-
clusal clutch with a tray clutch in ten subjects and ob-
served more regular and congruent tracings with the
occlusal clutch, although the differences did not reach
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significance [28]. Petrie et al. using pantographic repro-
ducibility index scores rather than raw angles, reported
a coefficient of stability of -0.06 for the Cadiax com-
pact between sessions two weeks to one month apart,
against 0.91 for a mechanical pantograph [29]; this out-
lier is discussed below. Finally, Ahlers et al. examined
the reproducibility of the interpretation rather than of
the recording: four calibrated examiners evaluated the
Cadiax compact Il recordings of 20 TMD patients with
a standardized scheme and reached a Fleiss kappa
of 0.88 [30].

Agreement with other Recording Methods

Nine studies compared CADIAX parameters with
other methods in vivo (Table 4). Against mechanical
or interocclusal methods, CADIAX consistently pro-
duced higher SCI values and lower BA values. Torabi
et al. found significant differences between Cadiax
Compact Il and wax or silicone protrusive records for
all parameters, with closer correlation to silicone [31].
Nagash et al. recorded 23 participants with the Cadi-
ax Compact, protrusive records and CBCT; mean SCI
was 34° with pantographic tracing, 32° with protrusive
records and 38° to 39° on CBCT, with Pearson coeffi-
cients between 0.84 and 0.93 [32]. Erden and Karakis
reported the highest correlation between panoramic
tracing and Cadiax Compact 2, with wax records yiel-
ding the lowest and Cadiax the highest SCl in 15 den-
tate adults [33]. Franklin et al. demonstrated a func-
tional consequence: the proportion of excursive con-
tacts reproduced on a Denar D5a articulator improved
significantly when the articulator was programmed with
Cadiax data rather than left at average settings [34].

Table 3. Reliability of CADIAX recordings and of their interpretation in vivo

Study

(author(s), year) IR

Interval / Conditions

Statistic Result

Bernhardtetal.,
2003

Cadiax Compact, 30;

Gamma Cadiax, 10 vs arbitrary axis

Two days; kinematic

ICC > 0.8 for SCl and TCl with both
systems; kappa 0.46 for protrusion
quality

ICC; kappa for tracing
quality

Petrie etal., 2003

Cadiax Compact, 10

2 weeks to 1 month

Coefficient of stability
of PRI scores

=-0.06 (axiograph) vs 0.91
(mechanical pantograph)

Hanetal., 2010

CADIAX, 10

Functional occlusal
clutch vs tray clutch

ttest; kappa

Similar contour and dimensions; tray
clutch tracings more irregular, not
significant

Schierzetal., 2014

Cadiax Compact 2, 65

Two sessions x 3 repeti-
tions, no re-mounting

Share of variance
explained by subject

Sagittal CPIA 75%, transverse CPIA
38%; dentition no effect

Schierzetal., 2019

Cadiax Compact 2, 27

Paraocclusal vs
periocclusal adapters;
intersession

Mean difference; ICC

HCIl means differ up to 10° between
mountings; HCI reliability fair to good
with paraocclusal, poor with perioc-
clusal; BA unaffected

Ahlers etal., 2023 | Cadiax Compact |l Four calibrated Fleiss kappa 0.88 (p < 0.00001)
recordings, 20 patients | examiners
Buduru etal., 2024 | Cadiax 2, 25 One week ICC SCI3mm 0.974 (R), 0.976 (L); 5mm

0.972,0.982; BA3mm 0.937, 0.950;
5mm 0.926, 0.926

Manziuc et al.,
2025

Cadiax Compact 2, 17

Three sessions

Intrarater ICC

Allvalues > 0.90 for SCl and BA
at3and 5 mm

Note: CPIA - condylar path inclination angle; PRI — pantographic reproducibility index; TCI — transversal condylar inclination.
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Three studies compared CADIAX with Zebris sys-
tems. Wagner et al., who developed an optoelectronic
axiograph in Vienna, attached its sensors to the con-
ventional axiograph frame in ten subjects and obtained
ICC values of 0.978 to 0.991 for condylar pathways and
0.864 to 0.960 for HCI, with 95% confidence intervals
for the difference of —3.4° to 1.9° for HCI and -2.8° to
4.8° for BA [17]. Lepidi et al. recorded ten patients five
times each with the Cadiax Diagnostic 4 and the Zebris
JMA+ Optic system; mean SCI at 3 mm was 55.2° (left)
and 49.7¢° (right) with Cadiax versus 49.8° and 54.5° with
Zebris, and a linear mixed model showed no significant
difference [35]. Gu et al. compared Cadiax 4 with the
ultrasonic JMA in 26 subjects with normal occlusion.
Maximal sagittal condylar displacements did not differ,
raw SCIl was higher with Cadiax because it is referenced
to the axis-orbital plane rather than the Frankfort hori-
zontal, and the difference disappeared after a 7° cor-
rection; BA, however, was significantly higher with JIMA,
and patients rated JMA as more comfortable (2.96 ver-
sus 2.04 on a five-point scale) [7].

Three studies compared Cadiax Compact 2 with
MODJAW. Manziuc et al. found MODJAW SCI higher
than Cadiax by 5.9° (95% CI 3.9 to 8.2) on Bland-Alt-
man analysis, with larger discrepancies at 3 mm than at
5 mm and inconsistent BA differences [25]. Buduru et
al. reported mean Cadiax minus MODJAW differences
of —2.67° for SCI at 3 mm (limits of agreement —-16.5°
to 11.15°) and 4.47° at 5 mm (limits -14.2° to 23.16°),
which indicates that the individual disagreement be-
tween devices can exceed 15° even when group means
are similar [24]. Nigam et al. found significant diffe-
rences for right and left SCI at 3 and 5 mm and for BA
at 3 mm in 15 participants, with the conventional device
generally reading lower [6]. Cheong et al. translated
this disagreement into a clinical outcome: occlusal ap-
pliances designed from MODJAW values showed fewer
contact-point discrepancies at maximal intercuspation
(1.83%0.31) than those designed from Cadiax values
(4.08+0.76) or average values (4.83+1.39), and no pro-
trusive interferences, although working and non-wor-
king side interferences did not differ [36].

Table 4. Agreement between CADIAX and other recording methods in vivo

Study
(author(s), year)

CADIAX device, n

Comparator

Statistic

Result

Wagner et al.,
2003

Conventional axiograph,
10 (100 tracing pairs)

Optoelectronic axiog-
raphy on same frame

ICC; 95% CI of dif-
ferences

Pathways ICC 0.978 t0 0.991; HCI ICC
0.864 to 0.960; difference HCI —-3.4° to
1.9°,BA-2.8°t0 4.8°

Torabietal., 2014

Cadiax Compact I

Wax and silicone pro-
trusive records

Paired comparison;
correlation

All differences significant; Cadiax SCI
higher, BA lower; closer correlation with
silicone

Nagash etal., Cadiax Compact, 23 Protrusive records; Means; Pearsonr |SCI34.4/33.9° (Cadiax), 32.1/31.8° (re-
2020 CBCT cords), 39.0/38.1° (CBCT); r0.84t0 0.93
Franklin et al., Cadiax, 20 Programmed vs unpro- | Proportion of Significantly better with programmed
2010 grammed Denar D5a matching contacts |articulator

Erden & Karakis,
2026

Cadiax Compact 2, 15

Wax records;
panoramic tracing

Pearsonr

Highest correlation panoramic vs Ca-
diax; wax lowest SCI, Cadiax highest

Lepidietal., Cadiax Diagnostic 4, Zebris JMA+ Optic Linear mixed model | SCI 3/5 mm: Cadiax L 55.2/52.2°,
2023 10x5 R 49.7/48.2°; Zebris L49.8/48.1°,
R 54.5/51.9°; no significant difference
Guetal., 2025 CADIAX 4, 26 Zebris JMA (ultrasonic) | Paired t/Wilcoxon | Sagittal displacements equal; SCl equal
after 7° reference-plane correction;
BA higher with JMA (p < 0.05); comfort
2.96 vs 2.04 favouring JMA
Buduru etal., Cadiax 2, 25 Modjaw Bland-Altman (Ca- |SCI3 mm -2.67° (LoA -16.5t0 11.15);
2024 diax minus Modjaw) | SCI 5 mm 4.47° (LoA -14.2 t0 23.16); TCI
3mm -1.19° (LoA-19.0to 16.6)
Manziuc et al., Cadiax Compact 2, 17 MODJAW Wilcoxon; Bland- MODJAW SCI higher by 5.9° (95% ClI
2025 Altman 3.910 8.2); larger discrepancy at 3 mm;
BA differences inconsistent
Nigam et al., Cadiax Compact 2, 15 MODJAW Wilcoxon signed- SCI3mmp=0.007 (R),0.010 (L); 5mm
2025 rank p=0.015,0.004; BA3mm p =0.043,
0.035; Cadiax lower
Cheongetal., Cadiax Compact 2, 12 MODJAW; average Kruskal-Wallis Contact discrepancies at MIP 4.08+0.76
2025 values (Cadiax) vs 1.83+£0.31 (MODJAW) vs

4.83+1.39 (average), p = 0.047; protru-
sive interferences 0.92 vs 0 vs 0.42

Note. LoA — 95% limits of agreement; MIP — maximal intercuspation.

dHdodoHmus
————TLT
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Diagnostic Accuracy and Known-Groups Validity

Four studies compared CADIAX findings with MRI or
clinical diagnosis and four compared patients with con-
trols (Table 5). Talmaceanu et al. examined 33 patients
(66 TMJs) with clinically suspected disc displacement
using Cadiax Compact Il and MRI within one to seven
days; against MRI, axiography reached a sensitivity
of 85.1%, a specificity of 94.7%, a positive predictive
value of 97.6%, a negative predictive value of 72% and
an accuracy of 87.9%, and the six false negatives were
attributed to incipient displacement with reduction
masked by the vertical opening introduced by the bite
fork [37]. Piancino et al., in a larger convenience sam-
ple of 173 TMD patients, found much lower sensitivity:
68% for joints without morphological change, 27% for
disc displacement and 8% for osteoarthritis, with kap-
pa values between 0.01 and 0.28 [18]. Schmid-Schwap
et al. found no correlation between axiographic time
curves and disc morphology on MRI in 45 joints [38].
Buduru etal. used the clinical muscular-articular exami-
nation as reference and reported a sensitivity of 100%,
a specificity of 74% and an accuracy of 88% for the Ca-
diax Compact 2 in 50 patients [39]; because the refe-
rence standard was the clinical diagnosis the axiograph
was meant to confirm, this study estimates agreement
rather than accuracy.

The known-groups studies converge on one ob-
servation: quantitative ranges do not separate groups,
qualitative features do. Kraljevi¢ et al. found no diffe-
rences in movement lengths or rotational capacity be-
tween 51 TMD patients and 43 controls recorded with
the Gamma Cadiax [40]. Sadat-Khonsari et al. de-
scribed irregular pathways of the instantaneous cen-
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tre of rotation in patients with joint dysfunction and
harmonious pathways in asymptomatic subjects [41].
Surowiecki et al. compared 26 patients with myo-
genous TMD diagnosed according to DC/TMD with
26 matched controls recorded with the Cadiax Diag-
nostic; maximal opening was similar (48.0£6.5 versus
49.5+5.4 mm, p = 0.40), but lateral deflections during
protrusion and opening occurred in 46.2% of patients
versus 23.1% of controls (¢ = 0.24) and condylar dis-
traction on closing into intercuspation occurred only
in patients (19.2% of left condyles) [42]. Zokaris et al.
recorded 50 migraine patients and 50 controls with
Cadiax 4 and found higher lateral translation in protru-
sion (p =0.001), transient velocity losses in opening
(p =0.001), reduced condylar stability (p =0.001) and
more frequent figure-eight opening curves (p =0.012)
in migraineurs [43]; in the companion occlusal analysis
the retral condylar displacement between reference
position and maximal intercuspation was 1.53 versus
0.90 mm (p = 0.001) [44].

Risk of Bias

The in vitro studies were rated as raising mode-
rate concern, mainly because operator blinding and
the number of repetitions were not described and be-
cause one report appeared in a non-indexed journal
without full numeric data. Among reliability studies,
the designs of Bernhardt et al., Schierz et al. (both stu-
dies), Buduru et al. and Manziuc et al. were rated
adequate and that of Ahlers et al. very good; the stu-
dies by Petrie et al. and Han et al. were rated doubtful
because of ten-subject samples and, in the former, the
use of an index designed for mechanical pantography.

Table 5. Diagnostic accuracy against MRI or clinical diagnosis, and known-groups validity

Study
(author(s), year)

Device, sample

Reference standard
or groups

Result

Schmid-Schwap
etal., 2005

Electronic axiography,
45TMJs

MRI disc morphology
(4 classes)

No correlation between time curves and disc morphology

Piancino etal., 2012

Computed axiography,

173 TMD patients

MRI

Sensitivity 68% (normal joints), 27% (disc displacement),
8% (osteoarthritis); kappa 0.16, 0.28, 0.10, 0.01

Buduru et al., 2020

Cadiax Compact 2,
50 patients

Clinical muscular-articular
examination

Sensitivity 100%, specificity 74%, accuracy 88%

Talmaceanu et al.,
2022

Cadiax Compact I,
66 TMJs

MRI 1.5 T within 1to 7 days

Sensitivity 85.1%, specificity 94.7%, PPV 97.6%, NPV 72%,
accuracy 87.9%; 6 false negatives with incipient DDwWR

Sadat-Khonsari
etal., 2003

CADIAX, 10vs 20

Clinical dysfunction vs
asymptomatic

Irregular ICR pathway with erratic direction changes
in dysfunction; harmonious pathway in healthy subjects

Kraljevi¢ et al., 2003

Gamma Cadiax,
51vs 43

Clinical TMD vs controls

No significant difference in movement lengths or rota-
tional capacity

Zokaris etal., 2024

Cadiax 4, 50vs 50

Migraine vs controls

Higher lateral translation in protrusion (p = 0.001) and
opening (p =0.031); velocity losses (p = 0.001); reduced
condylar stability (p = 0.001); figure-eight opening
(p=0.012); retral condylar displacement 1.53 vs 0.90 mm
(p=0.001)

Surowiecki et al.,
2025

Cadiax Diagnostic,
26 vs 26

Myogenous TMD
(DC/TMD) vs matched
controls

Opening48.0 £6.5vs49.5+ 5.4 mm (p = 0.40); AY de-
flection in protrusion 46.2% vs 23.1% (p = 0.08, ¢ 0.24);
condylar distraction on closing 19.2% (left) vs 0%

Note. DDwR, disc displacement with reduction; ICR, instantaneous centre of rotation; NPV, negative predictive value; PPV, posi-

tive predictive value.
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Table 6. Risk of bias and methodological quality
of included studies

Study

(author(s), year) Overall

Tool Main concerns

Celar & Tamaki, 2002 |[QUIN- Operator blinding |Moderate

Ahangarietal., 2012 |adapted and number of
Chang etal., 2004 repetitions not
reported,; single
device unit
Balch etal., 2017 QUIN- Non-indexed jour- | Moderate
adapted nal; full numeric  |to high

results not retrie-
vable

Bernhardtetal., 2003 |COSMIN |Adequate interval |Adequate

Schierzetal.,, 2014 |reliability |and statistics;
Schierzetal., 2019 samples 17 to
Buduru etal., 2024 65; no blinding
Manziuc et al., 2025 of operator
Ahlers etal., 2023 COSMIN |Blinded, cali- Very
reliability  |brated examiners; |good
(inter-rater) | 20 recordings
Petrie etal., 2003 COSMIN |n=10;indexnot |Doubtful
Hanetal., 2010 reliability |designed for elec-
tronic tracings
(Petrie)
Wagneretal., 2003 |COSMIN |Adequate samples |Adequate
Nagash etal., 2020 |criterion |orrepeated tra-
Guetal., 2025 validity cings; correlation
or p values without
limits of agreement
(Nagash, Gu)
Torabi etal., 2014 COSMIN |n=10to 20; Doubtful
Franklinetal., 2010 |criterion correlation or
Erden & Karakis, 2026 |validity p values only;
Lepidietal., 2023 comparator not
Nigam etal., 2025 blinded
Cheongetal., 2025
Talmaceanu etal., QUADAS-2 | Patient selection: |Moderate
2022 high (only clinically
diagnosed dis-
placement); index
test: unclear (cri-
teria not prespeci-
fied); reference
standard: low; flow
and timing: low
Piancino etal., 2012 |QUADAS-2 |Selection: unclear |Moderate
(convenience to high

sample); index test:
unclear; reference:
low; flow: unclear

Buduru etal., 2020 |QUADAS-2 |Reference stan-  |High
dard: high (clinical
diagnosis); retro-

spective

Moderate
to high

Schmid-Schwap
etal., 2005

QUADAS-2 |Retrospective
series; selection
unclear

Surowiecki etal., 2025 |Known- Defined diagnostic | Low to
Zokaris etal., 2024  |groups criteria, matched |moder-
(JBI cross- |or equal groups; ate

sectional) |examiner blinding
not stated
Sadat-Khonsari et al., [Known- Unmatched Moderate
2003 groups groups; noinfer- |to high

Kraljevi¢ etal., 2003 |(JBI cross- |ential statistics

sectional) |(Sadat-Khonsari)

dHdodoHmus
————TLT

Agreement studies were mostly rated doubtful: sam-
ples of 10 to 15 participants, reliance on correlation co-
efficients or p values without limits of agreement, and
absence of blinding between devices were common.
Among diagnostic accuracy studies, Talmaceanu et al.
met the reference standard and flow criteria but enrolled
only patients with clinically diagnosed displacement,
which inflates sensitivity estimates; Piancino et al. did
not describe index test thresholds; Buduru etal. used an
inappropriate reference standard. The known-groups
studies by Surowiecki et al. and Zokaris et al. were rated
low to moderate concern, whereas the two 2003 studies
lacked matched groups or inferential statistics. A sum-
mary of ratings is given in Table 6.

DISCUSSION

Principal Findings

The evidence assembled here supports three state-
ments about CADIAX axiography. First, the device mea-
sures what it is set to measure with an error of about 1°
to 3° on articulators, and its SCI readings are highly re-
peatable in vivo, with ICC values close to 0.98 when the
same clutch and mounting are used. Second, the num-
bers it produces depend on protocol choices that are of-
ten left unreported: the mounting adapter can shift mean
SCI by 10°, the reference plane accounts for about 7° of
difference relative to Frankfort-based systems, and the
condylar displacement at which the angle is read (3, 5 or
10 mm) changes both the value and its precision. Third,
the agreement between CADIAX and optical or ultra-
sonic trackers is good at the group level for SCl and poor
for BA, and the individual limits of agreement are wide
enough that the values cannot be transferred from one
system to another without device-specific calibration.

Interpretation of Reliability Data

The excellent ICC values reported after 2020 should
be read alongside the older and less favourable findings.
The near-zero coefficient of stability reported by Petrie
et al. [29] reflects the use of the pantographic reproduc-
ibility index, a score developed for mechanical tracings
that penalizes the fine irregularities an electronic system
records at high resolution, rather than a failure of the in-
strument to reproduce angles. The multilevel analysis by
Schierz et al. [26] is arguably the most informative reli-
ability study, because it separates subject variance from
session and repetition variance in a clinically representa-
tive sample including edentulous patients; its conclusion
that sagittal parameters are reliable and transverse pa-
rameters are not agrees with the lower BA coefficients in
the Romanian studies [24; 25] and with the significant BA
disagreement between CADIAX and JMA [7]. The BA is
derived from a few millimetres of mediotrusive excursion
and is sensitive to immediate side shift, clutch play and
the definition of the working-side reference; it is there-
fore the parameter that most needs individual recording
and the one least suited to comparison across systems.

The influence of mounting deserves emphasis.
A 10° shift of mean SCI between paraocclusal and
periocclusal adapters [27] is of the same order as
the entire between-device difference reported for
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MODJAW [25] and larger than the articulator error of
the device itself [19; 21]. Studies that compare de-
vices without stating the clutch type, or that use a tray
clutch for CADIAX and a bonded marker for the optical
system, confound device technology with mounting.
Where a functional occlusal clutch was used, tracings
were more regular [28], which suggests that part of the
“noise” attributed to electronic axiography in early re-
ports originates from clutch instability.

Agreement with Optical and Ultrasonic Systems

The direction of the disagreement with MODJAW is
consistent: CADIAX reads lower SCI, and the gap wi-
dens at 3 mm [6; 24; 25]. Several mechanisms can ex-
plain this. The optical system tracks markers on the chin
or teeth and calculates condylar points from a CBCT or
facial scan registration, whereas CADIAX measures at
styli placed on the hinge axis; the longer lever arm and
the model-based reconstruction of the condylar pointin
optical systems amplify small rotational components in
the first millimetres of protrusion. The two systems also
default to different reference planes, and SCI is by defi-
nition plane-dependent. Gu et al. showed that a 7° cor-
rection for the axis-orbital versus Frankfort horizontal
difference eliminated the SCI discrepancy with JMA [7],
and Lepidi et al. found no difference once both systems
were referred to the same kinematic axis [35]. The re-
views by Lassmann [11] and Farook [9] reached similar
conclusions for jaw tracking in general: the reference
plane and the definition of the condylar point explain
most between-method variance. What this review adds
is the quantitative scale of the residual disagreement for
CADIAX specifically, expressed as limits of agreement
of roughly £15° [24], which is far wider than the 2° to 3°
device error and wider than the 5° to 7° change in SCI
that alters cusp height in a restoration.

The clinical study by Cheong et al. is the only one to
test the consequence of these differences on a resto-
ration [36]. Appliances designed from MODJAW values
showed fewer static discrepancies and no protrusive
interferences, whereas appliances from Cadiax values
were intermediate between optical and average values.
Two cautions apply. The sample was 12 participants,
and the outcome (contacts on a printed appliance) de-
pends on the entire digital chain, including the registra-
tion of the intraoral scan to the tracking data, which is
native to MODJAW and indirect for CADIAX. The result
therefore speaks to workflow integration rather than to
the accuracy of axis or angle recording.

Diagnostic Value

The diagnostic accuracy of axiography for internal
derangement has been debated since the first MRI com-
parisons in the 1990s, when a sensitivity of 0.64 was re-
ported against MRI [45], and shorter condylar pathways
were described in patients with disc displacement with
the same device [46]. The two contemporary studies with
MRI as reference give estimates at the two extremes of
that range: 85% sensitivity in a prospective sample of
clinically suspected displacement [37] and 27% inalarge
heterogeneous TMD sample [18]. The difference is more
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likely explained by spectrum than by device. In the first
study, every patient had a clinical diagnosis of displace-
ment, which enriches the sample with advanced, easily
detectable cases; in the second, the sample included
osteoarthritis and joints without morphological change,
for which kinematic signs are subtle. Both studies agree
that specificity is high, so an abnormal axiographic tra-
cing is a strong indicator of joint pathology, whereas
a normal tracing does not exclude it. This is consistent
with the conclusion of the systematic review on kinesiog-
raphy [12] and with the absence of correlation between
time curves and disc morphology [38]. Axiography should
therefore be positioned as a functional complement to
MRI, useful for documenting condylar translation, stabi-
lity and symmetry, and for monitoring treatment, rather
than as a screening test for disc position.

The known-groups studies clarify where the device
is informative. In myogenous TMD and in migraine,
ranges of motion were normal and only qualitative fea-
tures differed [42; 43]. These features, including lateral
deflection in protrusion, loss of velocity, condylar dis-
traction on closing and the figure-eight opening curve,
are the same features that the standardized evaluation
scheme of Ahlers et al. reproduces across examiners
with a kappa of 0.88 [30]. The combination of a reliable
recording and a reliable reading scheme is what makes
qualitative axiographic diagnosis defensible; with-
out the scheme, the interpretation of tracings remains
operator-dependent, as several authors have cautioned.

Strengths and Limitations

The search combined a conventional database stra-
tegy with an Al-assisted literature engine and Google
Scholar, and it deliberately included the older termino-
logy under which CADIAX studies were published be-
fore 2010. The Consensus searches retrieved no eligi-
ble study that PubMed had missed, which supports the
sensitivity of the PubMed strings, but they did surface
pre-2000 work useful for context. Scopus and Embase
were not searched directly, and grey literature was li-
mited to Google Scholar; one eligible in vitro study was
found only through Scholar and is published in a journal
that is not indexed in PubMed, which illustrates the risk
of database-only searching for device-specific topics.

Several limitations concern the primary studies.
Most were single-center and small; only three excee-
ded 60 participants. Reporting of the recording protocol
was incomplete, and four otherwise relevant compari-
sons with sonography and cine MRI had to be excluded
because the device could not be identified. Blinding of
the operator to the comparator was rarely described. Be-
cause many studies reported only p-values, pooling was
not possible, and the synthesis relies on the few studies
that reported ICC values and limits of agreement. A limi-
tation of the review process itself is that screening and
risk of bias assessment were performed by one reviewer
with verification by a second rather than independently in
duplicate, and that full texts were obtained only for open
access articles; the device confirmation for two studies
rests on the publication history of the research groups
rather than on the reports themselves.
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Implications for Practice
and Research

For clinicians, the data support three practical rules:
use a paraocclusal or functional occlusal clutch, read
SCl at 5 mm or more rather than at 3 mm when the value
is to be used for articulator programming, and record
the reference plane with the value. When a case moves
between a CADIAX-based diagnostic record and an
optical workflow, the SCI should be re-recorded or cor-
rected for the reference plane rather than copied, and
the BA should not be transferred at all. For research,
the priority is a multicenter agreement study in which
CADIAX, an optical and an ultrasonic system are re-
corded in the same session with a shared clutch and
a common reference plane, reported with Bland-Altman
limits rather than correlation; a diagnostic accuracy
study with consecutive enrolment of patients across the
TMD spectrum, blinded MRI reading and prespecified
axiographic criteria; and reporting of reliability for the
qualitative tracing features that appear to carry the di-
agnostic information.
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SUPPLEMENTARY MATERIAL

Supplementary Table S1. Search strings and records retrieved (2 September 2026)

Source String Records
PubMed 1 (cadiax[tiab] OR “computerized axiography”[tiab] OR “computerised axiography”[tiab] OR 156
“electronic axiography”[tiab] OR axiograph*[tiab]) AND 2000:2026[dp]
PubMed 2 (modjaw([tiab] OR zebris[tiab] OR “jaw motion analy*”[tiab] OR “jaw tracking“[tiab] OR “jaw mo- 223
tion tracking”[tiab] OR “mandibular movement record*”[tiab] OR “mandibular kinematic*”[tiab]
OR “mandibular motion”[tiab]) AND (“hinge axis”[tiab] OR “condylar inclination”[tiab] OR «con-
dylar guidance»[tiab] OR «Bennett angle»[tiab] OR “condylar path*”[tiab] OR reliab*[tiab] OR
accura*[tiab] OR agreement[tiab] OR reproducib*[tiab]) AND 2000:2026[dp]
PubMed 3 (“hinge axis”[tiab] OR “transverse horizontal axis”[tiab]) AND (kinematic*[tiab] OR digital[tiab] 49
OR computer*[tiab] OR electronic[tiab]) AND 2000:2026[dp]
PubMed 4 (“sagittal condylar inclination”[tiab] OR “condylar inclination”[tiab] OR “Bennett angle”[tiab]) 62
AND (digital[tiab] OR electronic[tiab] OR computer*[tiab] OR optical[tiab] OR ultrasonic[tiab])
AND 2000:2026[dp]
Consensus 1 Reliability and accuracy of Cadiax computerized axiography for sagittal condylar inclination, 12 references
Bennett angle and hinge axis compared with other jaw tracking systems (Modjaw, Zebris JMA,
ARCUSdigma) or MRI
Consensus 2 Diagnostic accuracy of computerized axiography (Cadiax condylography) versus MRI for TMJ 10 references
disc displacement, and axiographic differences between TMD patients and healthy controls
Google Scholar | “Cadiax” (reliability OR accuracy OR agreement OR MODJAW OR Zebris OR MRI), 2015 onward, 50
first 50 records

Supplementary Table S2. Reports excluded after detailed assessment, with reasons

Reason

Reports

No CADIAX-family device (n =21)

Lassmann, 2023 (Modjaw); Zhu, 2026 (Artex, Zebris JMAnalyser+, SDi MatriX); Saygil, 2025
(Zebris JMAnalyser+, Modjaw); Zhao, 2025 (ARCUSdigma, SDiMatriX, Modjaw); Kucukkeles,
2005 (SAM Axiograph, Axiotron); Prasad, 2015 (Axioquick); Wieckiewicz, 2014 (ARCUSdigma

II, Gerber); Dragus, 2023 (ultrasonic device); Wang, 2024, Ma, 2023, Zhou, 2024, Shang, 2026
(JMA or unspecified tracker); Kordass, 2019, Nebe, 2026 (Zebris); Hangai, 2008 (MMJI-E); Bou-
los, 2007, 2008 (Quick-Axis); Hue, 2011, 2016 (Axiocomp); Heiser, 2004 (mechanical axiograph);
Mehl, 2025 (optoelectronic)

Device model not confirmable
from available text (n = 5)

Cimi¢, 2014, Kondrat, 2021; Landes, 2000; Landes, 2003; Beer, 2004

No measurement property: de-
scriptive, normative or treatment
outcome series (n = 12)

Wu, 2026; Kostiuk, 2024; Londoifio, 2023; Lewandowska, 2022; Alshali, 2013; Alratroot, 2022;
Hernandez, 2010; Starikov, 2011; Tymofiyeva, 2007; Hlawitschka, 2002; Ozkan, 2003; Dolgalev,
2008 (no abstract available)

Case report(n=1)

Jiang, 2026
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