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Abstract 

This systematic review was conducted to compare the 

efficiency of articulating paper and T-scan™ to detect 

the occlusal force and premature contact in patients 

undergoing prosthetic dental treatment. A search 

questionnaire was formulated using PICO to compare 

the efficiency of articulating paper and  T-scan™  and a 

comprehensive search was initiated in PubMed Central, 

Medline Cochrane and Google Scholar databases were 

searched for the literature published single 1965s. 

Randomised control trials, clinical studies and case 

control studies were included. Due to the lack of clinical 

evidence, In-vitro studies were independently analysed 

to avoid diluting the homogeneity of the study. 

2 studies were included on the basis of inclusion criteria. 

They compared the sensitivity of T scan and articulating 

paper in determining the potential premature contacts. 

The clinical evidence points to no significant difference 

between the T-scan and articulating paper in detecting 

premature contacts. However, 4 in-vitro studies that 

exclusively analyzed the force equilibration with T-scan 

appear to support the clinical value of T- can. There are 

no detailed clinical studies evaluating force equilibration 

and their impact on the longevity of the prosthesis.  

Hence more number of clinical studies with longer 

follow up is required to establish the benefits of T- scan.  

Keywords: Articulating Paper, Occlusal Contacts, T-

scan, premature contacts, force calibration.  
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Introduction 

Gradual tooth wear is a normal phenomenon which takes 

place throughout life (1). Some people have a tendency 

to apply excessive occlusal force which leads to more 

tooth wear causing pulpal pathology, occlusal 

disharmony, esthetic disfigurement and impaired 

function (2). Restoration of a compromised dentition is a 

challenge which a dentist faces many times (3).The 

distribution of the forces should be taken into 

consideration as it will have a great impact on the 

longevity of the dentition(4). Uneven distribution of 

force results in trauma from occlusion (5) and 

periodontal problems (6). It happens due to occlusal 

interferences (7) and excessive height of the occlusal 

restoration (8) (9). Occlusal interference is any tooth 

contact that inhibits the remaining occluding surfaces 

from achieving stable and harmonious contacts (10). 

There are many indicators which help to evaluate the 

occlusal interferences (11). They can further be 

classified into quantitative indicators and qualitative 

indicators. 

Quantitative indicators  

• Articulating paper  

• Articulating silk 

• Articulating film 

• Metallic shim stock  film 

• High spot indicator 

Qualitative indicators 

• T-Scan occlusal analysis system 

• Virtual dental patient   

The most commonly used occlusal indicator which most 

of the practitioners use is articulating paper (12). 

Articulating papers are available in different widths and 

thicknesses with dyes impregnated in them (13) (13,14). 

The articulating paper mainly consists of a colouring 

agent and a bonding agent.(15) When occlusal contact 

takes place, the colouring agent is expelled from the 

articulating paper and the bonding agent helps the tooth 

to retain the colour which helps to reduce the occlusal 

interferences. The principle behind articulating paper is 

the relation between size and colour depth of the 

marking (16). It is believed that darker marking indicates 

heavy occlusal force and lighter marking indicates lesser 

occlusal force (17). This leads to a lot of errors in 

contact force level as the size and colour of the mark 

does not indicate the intensity of occlusal force. Also, it 

cannot be used repeatedly as the colouring agent inside 

the articulating paper fades (18). Another disadvantage 

of the articulating paper is that it does not give any idea 

about contact timing and duration (19). Saliva also 

contributes to the errors in recording contacts with the 

articulating paper, hence a dry field has to be maintained 

while using an articulating paper. 

Due to all these shortcomings, other indicators were 

brought into use which was below the thickness 

perception level of most of the patients. One of them 

was the T-scan™ ??. The T-scan™ occlusal analysis 

system was developed by Professor William L Mannes 

in the year 1987 after which it evolved over a period of 

30 years(20). The first commercially available T-scan™ 

was T scan™ I in 1984, followed by T-scan™ II for 

Windows in 1995  to  T-Scan™  III  (software  versions  

5,  6,  and  7)  in 2004,  with the development  of  Turbo  

recording  in  2008,  to  the  latest  version in 2014  

known  as  T-Scan™ 8  (Tekscan  Inc.  South Boston,  

MA,  USA ). It is a computerized system which contains 

a hand-held device with a flat U-shaped pressure 

measuring sensor and computer software. The sensor is 

an electronically-charged thin film centre which is 

enclosed by a Mylar case and which can acquire 256 

levels of occlusal contact relative force as a patient 

intercuspation, or makes excursive movements across its 

https://paperpile.com/c/sYgY6n/JjEmt
https://paperpile.com/c/sYgY6n/hI5YV
https://paperpile.com/c/sYgY6n/oH8BO
https://paperpile.com/c/sYgY6n/RwHC
https://paperpile.com/c/sYgY6n/mcoyd
https://paperpile.com/c/sYgY6n/6P3Hr
https://paperpile.com/c/sYgY6n/Nb1v2
https://paperpile.com/c/sYgY6n/zg0ay
https://paperpile.com/c/sYgY6n/KhCqE
https://paperpile.com/c/sYgY6n/no3Qf
https://paperpile.com/c/sYgY6n/hSZk1
https://paperpile.com/c/sYgY6n/VCp56
https://paperpile.com/c/sYgY6n/up6Mx
https://paperpile.com/c/sYgY6n/up6Mx+NXZBS
https://paperpile.com/c/sYgY6n/J8ozv
https://paperpile.com/c/sYgY6n/2WV1
https://paperpile.com/c/sYgY6n/Eif90
https://paperpile.com/c/sYgY6n/Tc9nc
https://paperpile.com/c/sYgY6n/w3Phi
https://paperpile.com/c/sYgY6n/cR39U
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recording surface. The main application of the sensor is 

to register the occlusal force. It analyses the occlusal 

force quantitatively and records the biting force on 

individual teeth. It records the occlusal contacts 

sequentially in terms of time and the force which is 

associated with the occlusal contact. The sensor foil is 

60um thick consisting of an X-Y coordinate system. It 

has 1500 receptor points made of conductive ink which 

are highly sensitive and which are subjected to elastic 

deformation. When the patient bites on the sensor, 

because of the force applied the particles come to get 

closer to each other. This results in reduction of the 

electrical resistance which is recorded quantitatively. 

(21), (22) Graphical interface is used by the software to 

showcase the features which will help to analyse the 

occlusal contact. It is similar to the toolbar icon used in 

Windows (23) The T-scan™ sensors are available in two 

sizes: the smaller size can be used in arches which are 

58mm wide and 51mm deep and the larger sensor is 

used in arches which are 66mm wide and 61mm (24). It 

has certain limitations like the thinnest sensor is 0.1mm 

which is thicker than the articulating paper. Also, while 

recording the force from a sharp cusp, the entire force is 

concentrated on a small area which may damage the 

sensor. 

Very few studies are done which compares the 

efficiency of articulating paper against T-scan™ in 

evaluating occlusal force and occlusal contact. Hence 

this systematic review is an effort to compare the 

efficiency of T-scan™ in comparison to articulating 

paper in occlusal analysis. 

Aim 

The aim of the current review is to systematically 

analyse the scientific evidence of the past and present 

articles and studies showing the comparison between 

efficiency of articulating paper versus T-scan™ in 

evaluating occlusal force and occlusal contacts in 

patients undergoing dental treatment. 

Materials and Methods 

Structured Question  

The question that needs to be assessed in this review is- 

“Is the use of T-scan™ more effective than articulating 

papers in evaluating occlusal force and occlusal contacts 

in patients requiring dental treatment.” 

PICO Analysis 

● Population: Patients undergoing dental treatment. 

● Intervention: T-scan™ 

● Comparison: Articulating paper 

● Outcome: Occlusal force and occlusal contacts. 

Searched Databases: 

● PubMed 

● Cochrane 

● Google scholar 

● Medline 

● Embase  

● Science direct 

   No limitation regarding publication type and 

publication date was set. 

Hand Searching 

The following journals were hand searched for articles 

on the subjects of interest to complete the review: 

● The Journal of Prosthetic Dentistry 

● Journal of Oral Rehabilitation  

● Journal of Advanced Technologies and Techniques 

● Journal of Medical Sciences 

● Journal of Prosthetic and Restorative Dentistry 

● Journal of Indian Prosthodontic Society 

● European Journal of Prosthetic and Restorative 

Dentistry 

● Journal of Advanced Prosthodontics 

Article Eligibility Criteria  

Inclusion Criteria 

https://paperpile.com/c/sYgY6n/4XyUF
https://paperpile.com/c/sYgY6n/keR8y
https://paperpile.com/c/sYgY6n/z784K
https://paperpile.com/c/sYgY6n/PzUyk
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● In vivo studies 

● Articles comparing between articulating papers and 

T-scan™ 

Exclusion Criteria 

● Review articles 

● Case reports 

● In-vitro studies 

Search Strategy 

The following search strategy was performed based on the search terms from pico.  

P 

Search by  inclusion (OR) 

 (Attrition) OR Attrited teeth) OR Abrasion) OR Abraded teeth) OR Erosion) OR Eroded 

teeth) OR Abfraction) OR Abfracted teeth) OR Compromised teeth) OR Compromised 

dentition) OR Loss of vertical dimension) OR Collapsed vertical dimension) OR 

Collapsed bite) OR Establishing new bite) OR Full mouth rehabilitation) OR 

Malocclusion) OR Malaligned teeth) OR Incorrect centric relation) OR Compromised 

bite) OR Compromised occlusion) OR Incorrect vertical dimension) OR Bruxism) OR 

Clenching) OR Premature contacts) OR High points in occlusion) OR Patients requiring 

dental treatment)) 

AND  

I 

Search by  inclusion (OR) 

(Occlusal indicators) OR T-scan) OR T-scan system) OR T- scan II) OR T-scan III) OR 

Tekscan) OR Tekscan system) OR T-scan occlusal analyser) OR Tekscan occlusal 

analyser) OR Occlusal analyser) OR Digital occlusal analyser) OR Computerized occlusal 

analyser) OR Occlusal registration device) OR Occlusion registration device) OR 

Occlusion analysis system) OR Occlusal analysis system) OR Digital occlusal analysis 

system) OR Digital occlusion analysis system) OR Computerized Occlusal Analysis 

system) OR Computerized occlusion analysis system) OR Pressure indicator) OR Pressure 

indicating device) OR Force indicator) OR Force indicating device)) 

AND  

C 

Search by  inclusion (OR) 

(Articulating paper) OR Articulating film) OR High point indicator) OR Occlusal 

markers) OR Carbon marking paper)) 

AND  
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O 

Search by  inclusion (OR) 

 

(Bite force) OR Biting force) OR Occlusal load) OR Occlusion) OR Occlusal force) OR 

Occlusal registration) OR Reliability) OR Validity) OR Occlusal adjustments) OR 

Accuracy) OR Intensity of occlusal contacts) OR Chewing efficiency) OR Biting strength) 

OR Food consistency) OR Occlusal force distribution) OR Masticatory force) OR 

Masticatory efficiency) OR Occlusal contact) OR Contact area) OR Occlusal contact area) 

OR Interceptive contacts) OR Contact point) OR Contact points) OR Dental occlusion) 

OR Occlusal function) OR Occlusion analysis) OR Occlusal analysis) OR Analysing the 

occlusion) OR Occlusal diagnosis) OR Diagnosing the occlusion) OR Mastication) OR 

Force percentage) OR patient comfort) OR Patient satisfaction) OR Occlusal correction) 

OR Correction of occlusion) OR Occlusal harmony) 

Results and Discussion 

The above search strategy suggested 19 articles for 

evaluation. After hand search, we were not able to 

identify any more related articles and so the 19 articles 

were analysed independently by the two reviewers based 

on a standard checklist to determine the internal validity 

and the fulfillment of the inclusion criteria 1 study was 

excluded based on title and abstract and 1 was common 

in 2 database searches. Out of the remaining 17 studies, 

15 were excluded based on the inclusion and exclusion 

criteria ( Table x)  of our interest and 2 were included on 

the basis of core data (Table 1). The 2 articles were 

reviewed and were consolidated as depicted in the 

flowchart. There was a disagreement between the two 

reviewers regarding the inclusion of 4 studies (cite 

them). Hence a third reviewer was invited to decide on 

these articles. Finally, all 4 of them were excluded since 

they did not evaluate the outcomes required for 

comparison.  

 
Figure 1: Flowchart depicting the search methodology 

describing the total number of articles obtained, the ones 

excluded, inclusion of handpick articles and the total 

number of articles that were retrieved for analysis. 

Table 1: Table showing excluded studies (In-vitro studies table is separate) 

Sn. Author and Year Study design Reason for exclusion 

1 Augusti D, 2015 Crossover clinical trial Different intervention 

2 Francova K, 2015 Crossover clinical trial Different intervention 

3 Harlurl SB, 2013 Prospective Cohorts Difference in intervention and outcome measures 

4 Venugopalan SK, 2012 Retrospective Cohorts Different Intervention 
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5 Forrester SE, 2011 Prospective Cohorts Difference in intervention and outcome measures 

6 Kerstein RB, 2008 Literature review Review is excluded 

7 Forrester SE, 2009 Crossover clinical trial Difference in intervention and outcome measures 

8 Dimova M, 2012 Crossover clinical trial No comparison between articulating paper and T-scan in 

results table  

9 Reddy Chaitanya, 2019 Crossover clinical trial No comparison between articulating paper and T-scan in 

results table 

10 KS Vesma, 2017 Crossover clinical trial No comparison between articulating paper and T-scan in 

results table 

11 B Thanathorn Wong, 

2017 

Crossover clinical trial No comparison between articulating paper and T-scan in 

results table 

Data extraction 

The data of the selected studies was extracted using 

standardized abstraction tables. data extraction form.  

The articles were consolidated and general information 

was extracted (Table 2). Information extracted from each 

study included the following in one table as general 

characteristics of the study: 1) Author and year 2) Study 

design 3) Sample size 4) Groups 5) Types of statistical 

methods used 6) Outcome measures 7) Inference (Table 

3). The general information was extracted for the in-vitro 

studies (Table 4) and the results and inference were 

given in a separate table (Table 5).The outcome 

variables of the extracted data from the studies were 

interpreted in detail. The level of evidence according to 

Oxford Centre for Evidence-Based Medicine 2011 was 

also tabulated (Table 6). 

Table 2: Showing the general information of all the included articles in the systematic review used in those studies. 

Sn. Author 

and 

Year 

Journal 

Name 

University/ 

Private 

Practice 

Country Type of 

Study 

Funding 

source 

Method 1 

(Type) 

Method 2 

(Type) 

Model 

Material 

and 

Articulato

rs used 

Articulators 

Used 

Additional 

Softwares 

and 

instrument

s used 

1 Gokhan 

Oncag, 

2002 

Journal 

of 

Medical 

Sciences 

Ege 

University 

Izmir, 

Turkey 

Non 

randomized 

clinical trial 

Not 

mentioned 

Not 

mentioned 

Not 

mentioned 

Not 

mentioned 

Sam II Not 

mentioned 
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2 I.P 

Majithi

a ,2014 

Med J 

Armed 

Forces 

Command 

Military 

Dental 

Centre 

Lucknow

, India 

Non 

randomized 

clinical trial 

GOI 

DGAFMS 

Articulating 

paper 

(Products 

Dentaires SA 

Vevey, 

Switzerland) 

T-scan III Not 

mentioned 

Not 

mentioned 

Adobe 

Photoshop 

CS4 

Table 3: Table showing the data extraction of all the included articles in the systematic review and outcome measures 

used in those studies. 

Author and 

Year 

Sample 

size 

Population 

Description 

Group 1 Group 2 Type of 

statistics 

used 

Outcome 

Measures 

Group 1 

Results 

Group 2 

Result 

Inference Risk of 

Bias 

Gokhan 

Oncag et al, 

Journal of 

Medical 

Sciences 

2002 

Cohort 

Clinical 

trial  

n=20 

9 girls and 

11 boys 

13-15 years 

Received 

non-

extraction 

orthodontic 

treatment 

SAM II 

Articulator + 

articulating 

paper. 

T-scan Not 

mentioned 

Number of 

contacts 

 

 

Before 

adjustment=

15.2±9.12 

After 

adjustment=

19±11.25 

Before 

adjustment=

7.1±2.42 

After 

adjustment=

9.2±3.67 

Group 1 

more 

sensitive 

than group 2 

Size of 

marking is 

subjective. 

I.P Majithia 

,2014 

Cohort 

Clinical 

trial 

 

n=30 

Above 21 

years 

Complete 

set of 

permanent 

maxillary 

and 

mandibular 

teeth 

Normal 

Dentulous 

patients 

 

Maxillofa

cial 

trauma 

cases 

Regression 

Analysis 

Coincidence 

rates 

between 

articulating 

paper and T-

scan in 

evaluating 

number of 

contacts. 

Group 

1=80% 

coincidence 

between 

Articulating 

paper and T-

scan 

 

Group 

2=87% 

coincidence 

between 

Articulating 

paper and T-

scan 

Authors 

conclude T 

scan is more 

reliable. 

There are 

no metrics 

to validate 

their 

claims.  

Table 4: Showing the general information of all the in vitro studies in the systematic review used in those studies. 

Sn. Author 

and Year 

Journal 

Name 

University/ 

Private 

Practice 

Countr

y 

Type of 

Study 

Funding 

Source 

Method 1 

(Type) 

Method 2  

(Type) 

Model Material  

and Articulators 

used 

Articulators 

Used 

Additional 

Softwares 

and 

instruments 

used 
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1 Rod 

Andrus, 

2019 

Journal of 

Advanced 

Dental 

Technologi

es and 

Techniques 

Private 

Practice 

Utah, 

United 

States 

of 

Americ

a 

Invitro Dennis 

Weir, 

DDS, MA 

Certificate 

in 

Prosthodo

ntics 

(monetary 

help not 

mentioned

) 

Accufilm 

II- 23µm 

(Parkell,N

YUSA) 

Shimstock 

foil- 8µm 

(Coltene,

Waldent, 

OH USA) 

T-scan II Dental stone 

Type III 

Wide Vue 

articulator 

(Waterpik, 

Fort 

Collins, 

USA) 

Not 

mentioned 

2 Ahmet 

Saracoglu,

2002 

Journal of 

Prosthetic 

Dentistry 

Ege 

University 

Izmir, 

Turkey 

Invitro Not 

mentioned 

Articulatin

g paper- 

60 µm 

Bausch 

Inc, 

Nashua, 

NH. 

Articulatin

g paper- 

65 µm 

Svedia 

AB, 

Enkoping, 

Sweden. 

Articulatin

g paper 8 

µm, Hanel 

GmbH 

Tekscan Casts were 

fabricated from 

acrylic resin 

(Vertex: 

Dentimex BV, 

Zeist, Holland) 

Dentatus 

(Hagersten, 

Sweden) 

Universal 

testing 

machine 

(Autograph, 

AG-50 Kng; 

Shimadzu 

Co, Kyoto, 

Japan) 

3 Shravya 

Reddy,20

18 

JMIR 

Biomedical 

Engineerin

g 

Oxford 

Dental 

College 

Banglo

re, 

India 

In vitro Oxford 

Dental 

College 

Articulatin

g paper- 

40 µm 

Bausch. 

T-scan III Solid metal die Not 

mentioned 

MOTIC 

Software 

(Motic 

microscopy, 

Hong Kong) 

Adobe 

Photoshop 

CS4 
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4 Inigo de 

Prado,201

8 

BioMed 

Research 

Internationa

l 

University 

of the 

Basque 

Country 

Spain In vitro Gipuzkoa 

Provincial 

Council 

Arti-fol 8 

µm 

T-scan Die Stone Type 

IV 

Not 

mentioned 

ATOS 

Compact 

Scan 

Go!SCAN 

3D 

Geomagic 

studio 2014 

Table 5: Table showing the data extraction of the in-vitro in the systematic review and outcome measures used in those 

studies. 

Sn. Author and 

Year 

Sample 

size 

Population 

Description 

Group 1 Group 2 Type of 

statistics 

used 

Outcome 

Measures 

Group 1 

Results 

Group 2 

Results 

Inference Risk of Bias 

1 Rod 

Andrus, 

Journal of 

Advanced 

Dental 

Technolog

ies and 

Technique

s 2019 

n=40 Casts obtained 

from patients 

with Stable 

Asymptomatic 

occlusion 

Equal number of 

teeth bilaterally 

Articulati

ng paper 

T-scan Paired 

sample t 

test 

Force 

distributi

on 

Group 1 

=2.52±3.3

1 

 

 

Group 2 

=6.51±2.

88 

Significantly 

better 

occlusal 

force 

percentage 

equality was 

obtained 

with T-scan 

than 

articulating 

paper. 

The 

correspondi

ng author is 

a clinical 

consultant 

to the 

company 

Tekscan, 

Inc 

2 Ahmet 

Saracoglu, 

Journal of 

Prosthetic 

Dentistry 

2002 

n=30 Fully dentate 

maxillary and 

mandibular 

dentate casts 

fabricated from 

acrylic resin 

Articulati

ng paper 

T-scan 2 way 

ANOVA 

 

Kruskal 

Wallis 

test 

Number 

of contact 

points 

 

 

Group 

1=16.7 

 

Group 

2=8.0 

Bausch 

Articulating 

paper 

showed 

higher 

number of 

contact 

points and 

the T-scan 

recorded 

comparativel

y fewer 

contact 

points. 

The 

localization, 

number and 

distribution 

of contacts 

was not 

taken into 

consideratio

n. 
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3 Shravya 

Reddy, 

JMIR 

Biomedica

l 

Engineerin

g 2018 

Not 

mention

ed 

Dentulous 

maxillary and 

mandibular die 

Articulati

ng paper 

T-scan ANOVA 

 

Student t 

test 

 

Pearson 

correlati

on 

coefficie

nt 

method 

Area of 

contact 

with 

respect to 

force 

Group 1 

=159.67±2

8.22 

 

Group 2 

=31.83±

1.60 

Size of 

articulating 

paper is not a 

reliable 

predictor of 

actual load 

whereas T-

scan 

provides 

more 

predictable 

results of the 

actual load. 

Subjectively 

defining 

and 

sketching 

the 

boundary of 

the marked 

area with 

MOTIC 

software. 

False 

positive 

markings 

due to 

smudging 

of the 

markings 

4 Inigo de 

Prado, 

BioMed 

Research 

Internation

al 2018 

n=11 Fully dentate 

maxillary and 

mandibular casts 

Articulati

ng paper 

T-scan Shapiro 

Wilk test 

Number 

of contact 

points 

and 

coinciden

ce rates 

Group 1 in 

lower 

cast=24 

 

Group 1 in 

upper 

cast=26 

 

Coinciden

ce rate in 

lower 

arch=85.42

% 

 

Group 2 

in lower 

cast=20.

5 

Group 2 

in upper 

cast=21 

 

Coincide

nce rate 

in upper 

arch=80.

77% 

Articulating 

paper will 

bring more 

accuracy to 

the 

positioning 

of occlusal 

contacts 

while the T-

scan will 

show 

dynamic data 

and changes 

in the 

contacts 

during the 

entire bite. 

Errors 

committed 

in the 

scanning of 

dental 

arches 

Prototyping 

and locating 

of dental 

arches 

Limitations 

of 

articulating 

paper and 

T-scan 

contact 

detecting 

systems. 
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Table 6: CEBM level of evidence 

Sn. Study Study design CEBM level of evidence 

1  Gokhan Oncag, 2002 Non randomized clinical trial  Level 3 

2 I.P Majithia ,2014 Non randomized clinical trial Level 3 

 

Reliability and reproducibility of occlusal analysis is one 

of the most important things for a dentist in terms of 

dental treatment. The current literature which is 

describing the conventional occlusal indicator clearly 

indicates that some newer methods need to be used 

which is more reliable and accurate in providing 

information on both static and dynamic occlusal contacts 

(25). From the recent literature, it is evident that 

conventional occlusal indicators like the articulating 

paper give information only about the size and location 

of the premature contacts whereas the T-scan™ has the 

ability to quantify the timing as well as the force of 

occlusal contact (26). 

In this systematic review, a total of 2 articles have been 

reviewed comparing articulating paper and T-scan™ . 

The included 2 studies are non-randomized clinical 

trials- (Gokhan Oncag, 2002), (I.P Majithia, 2014). The 

parameters included in the studies were the number of 

contact points and the coincidence rates between the two 

methods. A Meta-analysis could not be performed with 

the studies included as the outcome parameters in the 

included studies were different and the number of 

included articles was less. Both studies showed 

contrasting results. Although T-scan is shown to be a 

more efficient tool in evaluating the occlusal contacts 

and occlusal force in laboratory settings, one of the 

included studies concluded that articulating paper 

showed better results as compared to T-scan. The 

possible reason can be the subjective interpretation of 

the marks produced by the articulating paper. Another 

possible reason which can add onto the risk of bias is the 

diverse varieties in articulating paper. There are different 

types of articulating papers with different thickness. In 

the included articles, very few types of articulating paper 

are discussed. Hence, generalising the results can lead to 

bias. Due to contradictory results, more number of 

studies should be done to provide conclusive evidence. 

    Occlusal contacts play a vital role in masticatory 

apparatus. In the intercuspal position, there is the most 

amount of tooth contact which helps in maximum 

breakage of food(27). There is a strong association seen 

between the degree of intercuspal contacts and the 

chewing strokes (27–29). Also, proper intercuspation 

leads to a stable occlusion, otherwise which can cause 

temporomandibular disorders. Hence, the occlusal 

contacts form the basis of biodynamics in dental 

occlusion.  

It has become necessary to measure the occlusal forces 

and contacts with T-scan™ to homogenize the force 

distribution between the left and right sides of the arch. 

Traditional methods such as articulating paper cannot 

quantify the force and cannot be a reliable aid in 

equilibrating occlusion as they are subjective (30,31). 

There are many studies which relate the size of the paper 

mark and the percentage of force (32). The size of the 

paper mark can vary according to the tooth morphology. 

Hence tooth morphology only gives information about 

https://paperpile.com/c/sYgY6n/01LDE
https://paperpile.com/c/sYgY6n/qLqg9
https://paperpile.com/c/sYgY6n/UHJz
https://paperpile.com/c/sYgY6n/UHJz+hImF+691c
https://paperpile.com/c/sYgY6n/Kes1B+Lm6Q2
https://paperpile.com/c/sYgY6n/yRACj
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the size of the paper mark size and not the percentage of 

force.   

In-vitro studies were cited separately and not in the main 

table as in-vitro studies dilute the homogeneity of the 

study. There were 4 in vitro studies in the present study- 

(Rod Andrus, 2019), (Ahmet Saracoglu, 2002), (Shravya 

Reddy, 2018) and (Inigo de Prado, 2018). The 

parameters which were included in the present study 

were Force distribution, area with respect to force and 

number of contact points. 3 out of 4 studies concluded 

that T-scan is more reliable and efficient in evaluating 

occlusal force and occlusal contact. Although the in-

vitro studies spoke in favour of the T-scan, it is 

important to verify the results with clinical trials. 

Halperin (33) and Gazit (34) have concluded from their 

studies that there is no relation between characteristic of 

paper mark and occlusal force. Afrashtehfar and Qadeer 

(35) have reported that T-scan provides force which can 

be quantified and variations in time from the initial 

contact to maximum intercuspation. Bozhkova (36) 

reported that T-scan is an accurate tool to determine and 

evaluate the sequence of time and the magnitude of 

force  of occlusal contacts by converting the qualitative 

data into quantitative data and displaying them digitally. 

There have been some studies which have discussed the 

limited use of T-scan. Harvey, Hatch and Osborne (21) 

have reported  that sensors work precisely in 

recording occlusal interference not more than 2 or 3 

times. After that, the precision is reduced. Patkyl(37) 

reported that the sensor of the T-scan was very variable 

and its resolution capacity was compromised due to the 

thickness of the sensor and limited flexibility. 

Yamamura and Takahashi (38) had doubts about the 

reliability of the sensor which will result in inaccurate 

recordings. On the contrary, Maness and Podoloff (20) 

and Reza and Neff (39) reported that the sensors of T-

scan have 100% precision level. Combadazou, 

Combelles and Cadenat (40) reported that T-scan is 

effective in occlusal diagnosis and follow-up. It has been 

reported by Patyk et al(37,41) that due to the flexibility 

of the T-scan sensors, there is a high possibility of 

uncontrolled shift of the mandible, which might give 

false results in terms of force dissipation. Although all 

these articles gave adequate information on the 

efficiency of articulating paper and T-scan™, they had 

certain limitations.  All these studies have been done 

with the older version of T-scan™ after which it has 

evolved over the period of years. All the studies which 

are included in this systematic review do not have 

adequate follow up. Hence, more number of studies 

should be done in patients with a longer follow up to 

evidently conclude the superiority of T-scan™ over 

articulating paper for evaluation of occlusal contacts and 

occlusal force. 

Conclusion 

Based on the current evidence, it can be suggested that 

there is no significant improvement to recommend T- 

scan™ as the gold standard for occlusal analysis in 

comparison to articulating paper in occlusal analysis. 

Hence more number of clinical studies are required with 

longer follow up.             
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